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1.	Introduction	
1.1	The	importance	of	lakeshore	settlements	within	archaeological	research	Due	 to	 the	 excellent	 preservation	 conditions	 for	 organic	 material	 in	 prehistoric	lakeshore	 settlements,	 they	 represent	 an	 invaluable	 source	 of	 information	 for	archaeologists	 (Hafner,	 2012;	Menotti,	 2012;	Menotti	 and	O'Sullivan,	2013).	But	while	the	detailed	study	of	 lakeshore	settlement	 layers,	 including	various	scientific	analyses,	has	 deepened	 our	 understanding	 of	 those	 past	 societies	 in	 the	 last	 decades,	 the	formation	of	 these	 layers	remains	a	mystery	 for	 the	most	part	(Bleicher	and	Schubert,	2015).	The	‘Pfahlbauproblem’	(whether	houses	were	built	directly	on	the	ground	on	the	shore	 or	 on	 platforms	 supported	 by	 piles	 above	 standing	 water)	 is	 not	 such	 a	controversially	discussed	matter	anymore,	because	most	archaeologists	accept	the	fact	that	there	have	been	different	possibilities	of	building	houses	at	lakeshores	(Hafner	and	Suter,	2005;	Dieckmann	et	al.,	2006,	p.	207).	However,	there	is	still	no	consent	about	the	ground	below	the	houses.	In	many	former	publications	and	site	reports,	a	lowering	lake	level	 at	 the	 onset	 of	 the	 settlement	 activity	 and	 a	 rising	 lake	 level	 at	 the	 end	 was	postulated	based	on	archaeobotanical	and	also	micromorphological	 investigations	(e.g.	Jacomet-Engel,	 1980;	 Jacomet,	 1985;	 Brombacher,	 1986;	 Dick,	 1988;	 Brombacher	 and	Hadorn,	2004;	Ismail-Meyer	et	al.,	2013;	Jacomet	et	al.,	2004).	Such	decennial	lake	level	fluctuations	were	 thought	 to	 be	 connected	 to	 climatic	 variability	 during	 the	Holocene	(e.g.	Magny,	2013).	Recently,	this	has	been	challenged	by	Bleicher	(2013;	Bleicher,	2015;	Bleicher	et	al.,	2017)	and	is	currently	vigorously	discussed	among	lakeshore	settlement	researchers.	 We	 also	 still	 don’t	 know	 which	 proportion	 of	 the	 originally	 deposited	material	in	a	lakeshore	settlement	is	still	preserved.	This	understanding	of	taphonomic	processes,	 however,	would	 be	 crucial	 for	 the	 interpretation	 of	 the	 remaining	 parts	 of	these	prehistoric	settlements	in	order	to	reconstruct	their	economy	and	ecology	based	on	 plant	 remains	 (e.g.	 Willerding,	 1991;	 Jones,	 2000).	 However,	 there	 is	 a	 lack	 of	conclusive	facts	and	also	of	experimental	work	concerning	wetland	sites	(Dieckmann	et	
al.,	2006).		
1.2	Framework	of	the	project	This	 Ph.D.	 was	 done	 as	 a	 part	 of	 the	 project	 “Formation	 and	 taphonomy	 of	archaeological	wetland	deposits:	two	transdisciplinary	case	studies	and	their	impact	on	lakeshore	 archaeology“	 funded	 by	 the	 Swiss	 National	 Science	 Foundation	 (project	 nr.	CR30I2_149679/1),	 under	 the	 direction	 of	 project	 leader	 PD	 Dr.	 Philippe	 Rentzel	 in	collaboration	with	Prof.	Dr.	Stefanie	Jacomet	and	Dr.	Stefan	Hochuli	(research	plan	by	P.	Rentzel,	 S.	 Hochuli	 and	 S.	 Jacomet	 in	 collaboration	 with	 E.	 Gross	 and	 G.F.	 Schaeren,	Rentzel	et	al.,	unpublished).	This	project’s	main	focus	was	the	transdisciplinary,	micro-archaeological	 study	 of	 layer	 formation,	 preservation	 and	 degradation	 processes	 in	prehistoric	lakeshore	settlements.	Subjects	of	investigation	were	two	recently	excavated	lakeshore	settlements,	which	were	extensively	sampled	using	state-of-the-art	methods:	Zug-Riedmatt	 (chapter	 2.1)	 and	 Zürich-Parkhaus	 Opéra	 (chapter	 2.4),	 which	 both	
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included	well-preserved	occupation	 layers	of	 the	Late	Neolithic	(last	quarter	of	 the	4th	millennium	BC).	Natural	and	anthropogenic	factors	influencing	the	deposition	dynamics	and	the	duration	of	deposition	processes	in	occupation	layers	were	to	be	investigated.	We	also	intended	to	 create	an	 ‘indicator	group	database’,	which	would	allow	us	 to	differentiate	 in	more	detail	between	the	many	traces	of	activity	represented	in	an	occupation	layer,	including	natural	influences	of	e.g.	the	lake.	Concerning	the	archaeobotanical	part,	methodological	basic	research	was	to	be	undertaken	in	order	to	set	a	suitable	general	framework	for	the	analysis	 of	 such	 sites.	 If	 analytical	 methods	 are	 not	 standardized,	 comparisons	 with	other	sites	are	hindered.		
1.3	State	of	research	In	the	following,	the	state	of	research,	with	a	focus	on	archaeobotany,	at	the	start	of	the	project	is	very	briefly	summarized.	More	information	can	be	found	in	the	research	plan	of	the	SNF-project	(Rentzel	et	al.,	unpublished)	and	in	the	cited	literature.		
1.3.1	Methodology	It	 is	 clear	 that	 the	 use	 of	 different	 methodological	 procedures	 complicate	 direct	comparisons	of	sites.	Research	about	this	topic	has	therefore	been	conducted	regularly,	although	almost	never	in	a	systematic	way.	For	the	archaeobotany	of	wetland	sites,	the	most	important	known	facts	were	the	following:	Sampling	 of	 an	 occupation	 layer:	 During	 the	 last	 decennia,	 it	 was	 established	 that	archaeobotanical	research	should	not	be	restricted	to	the	vertical	or	horizontal	sampling	of	a	site	but	should	ideally	include	both,	or	the	sampling	strategy	should	depend	on	the	investigation	target	(for	a	compilation	of	the	problematic	see	Jacomet	and	Brombacher,	2005	 and	 literature	 cited	 therein).	How	 to	 combine	 surface	 (horizontal)	 and	 profile	(vertical)	sampling	in	an	ideal	way,	and	how	to	‘disentangle’	complicated	stratigraphies	however	was	not	solved.	Sample	 volumes:	 Sample	 size	 calculations,	 allowing	 a	 representative	 estimation	 of	proportions	 of	 different	 plant	 remains,	 were	 done	 e.g.	 by	 van	 der	 Veen	 and	 Fieller	(1982)	and	Thompson	(1987).	Hosch	and	Jacomet	(2001)	adopted	this	for	the	extremely	rich	 (in	 terms	of	 numbers	 of	 remains,	 but	 also	diversity)	 samples	 from	wetland	 sites;	they	suggested	treating	each	fraction	of	a	sample	independently	regarding	sample	sizes.	Therefore,	as	few	sieving	fractions	as	possible	should	be	applied	(usually	2	or	3).	Also,	it	became	 clear	 that	 the	 adequate	 recording	 of	 large-seeded	 items	 was	 not	 possible	 in	small-sized	 samples	 (Hosch	and	 Jacomet,	 2001).	However,	 it	was	not	 known	 to	which	extent	this	influences	the	results.	Recovery	 techniques	 (incl.	 pre-treatment	 of	 samples):	 Wash-over	 sieving	 (after	Kenward	et	al.,	1980)	 turned	out	 to	be	 the	only	viable	recovery	 technique	 to	preserve	fragile	plant	remains	(Hosch	and	Zibulski,	2003;	Tolar	et	al.,	2009).	As	a	pre-treatment	in	order	to	facilitate	the	sieving	process	without	destroying	plant	remains,	freezing	and	
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defrosting	 of	 the	 sediment	was	 found	 to	 be	 the	 best	method	 (Vandorpe	 and	 Jacomet,	2007).	Defined	 counting	units,	 recording	of	material	 classes:	 Jacomet	et	al.	 (2004)	 found	 that	the	 use	 of	 defined	 counting	 units	 (based	 on	 Jones,	 1991,	 and	 discussions	 in	 the	Basel	archaeobotany	lab	during	the	90ies	incl.	suggestions	by	M.	van	der	Veen)	is	important	in	order	to	not	count	the	same	item	more	than	once.	Using	a	database	is	also	essential	for	the	 recording	 and	 sharing	of	plant	 remains	 (some	years	 ago,	 the	Basel	 archaeobotany	lab	 started	using	ArboDat	 (©Kreuz	and	Schäfer	2016)).	 In	 addition,	 for	 the	numerical	recording	 of	 material	 classes,	 the	 use	 of	 an	 objective	 system	 is	 necessary	 (following	Bullock	et	al.,	1985).		
1.3.2	Preservation	parameters	The	 good	 preservation	 of	 subfossil	 macroremains	 in	 waterlogged	 contexts	 can	 be	explained	by	 fast	embedding	 in	a	permanently	anaerobic,	wet	sediment	which	hinders	destruction	 through	 bacteria	 or	 fungi	 (e.g.	 Retallack,	 1984).	 It	 is	 known	 since	 some	decennia	 that	 even	 in	 well-preserved	 wetland	 sediments,	 the	 preservation	 of	 the	remains	might	be	variable	 (and	 that	 these	 remains	are	 therefore	 suitable	 to	 judge	 the	degradation	 of	wet	 archaeological	 deposits).	 Therefore,	 preservation	 parameters	 have	been	 investigated	 by	 some	 research	 groups,	 including	 the	 Basel	 archaeobotany	 group	(Murphy	and	Wiltshire,	1994;	Vernimmen,	2002;	van	Beurden,	2004;	Kenward	and	Hall,	2004,	 2006;	 Brinkkemper,	 2006;	 Jones	 et	 al.,	 2007;	 Pollmann,	 2014).	 However,	 the	knowledge	about	the	physical	degradation	of	different	organic	materials	is	still	poor	and	there	is	a	lack	of	experimental	data	(e.g.	Kenward	et	al.,	2008).		
1.3.3	Natural	influences	(pre-,	syn-	and	postdepositional)	on	wetland	settlement	layers	
1.3.3.1	Pre-	and	postdepositional	situations	As	 mentioned	 in	 chapter	 1.1,	 archaeobotanical	 studies	 from	 the	 1970s	 onwards	concentrated	on	 lake	 level	 fluctuations	and	 the	characteristics	of	 limnic,	 eulittoral	and	bog	sediments.	A	lowering	lake	level	at	the	onset	of	building	activities	and	therefore	the	movement	 of	 the	 settled	 zone	 from	 the	 sub-	 to	 the	 eulittoral	 zone	 was	 often	reconstructed	based	on	an	actualistic	interpretation	of	the	changing	seed	content	of	the	sediments	 (e.g.	 Jacomet-Engel,	 1980;	 Jacomet,	 1985;	 Schlichtherle,	 1985;	 Brombacher,	1986;	 Dick,	 1988;	 Maier,	 2001;	 Brombacher	 and	 Hadorn,	 2004;	 Ismail-Meyer	 et	 al.,	2013;	 Jacomet	 et	 al.,	 2004).	 These	 studies,	 however,	 did	 not	 consider	 the	 changing	sedimentation	 rate	 between	 natural	 (low	 sedimentation	 rate,	 a	 few	 mm/year)	 and	anthropogenic	 (very	 high	 sedimentation	 rate,	 more	 than	 several	 cm	 per	 year)	sediments.	Based	on	 the	 same	analyses,	 transgressions	 in	 the	post-occupational	phase	and	also	between	settlement	phases	were	 reconstructed	 in	both	archaeobotanical	and	micromorphological	research	(e.g.	 Jacomet,	1985;	Brombacher,	1986;	Brombacher	and	Hadorn,	2004;	Ismail-Meyer	and	Rentzel,	2004;	Huber	and	Ismail-Meyer,	2012).		
	 4	
1.3.3.2	Syndepositional	situations	Botanical	 macroremains	 of	 bog	 sediments	 in	 the	 Federsee	 region	 (SW-Germany)	suggested	that	the	Neolithic	wetland	settlements	were	established	on	wet,	peaty	ground	in	eutrophic	conditions,	as	plants	like	Urtica	dioica	and	Myosoton	aquaticum	grew	locally	in	 the	 organic	 occupation	 layers	 (Maier,	 1995,	 2011).	 Other	 evidence	 that	 the	 settled	areas	were	not	constantly	covered	by	water	was	provided	by	small	heaps	of	berry	seeds	interpreted	as	human	excrements	at	Lake	Constance	 (e.g.	Maier,	2001).	Wetland	plant	spectra	within	a	Pfyn-culture	settlement	 layer	at	Zürich	AKAD-Seehostrasse	suggested	that	 this	 layer	 was	 formed	 in	 the	 eulittoral	 zone	 and	 not	 under	 permanent	 water	(Jacomet	1985).	As	mentioned	 in	 chapter	 1.3.3.1,	 evidence	 for	 (temporary)	 flooding	 events	 during	 the	settling	period	could	also	be	found	(e.g.	Jacomet,	1985;	Schlichtherle,	1985;	Brombacher,	1986;	 Maier,	 2001;	 Brombacher	 and	 Hadorn,	 2004).	 These	 events	 were	 indicated	 by	diaspores	of	aquatic	plants,	mollusc	shells,	caddis	fly	larvae	cases	etc.	Drier	phases	were	identified	based	on	poorer	preservation	of	plant	 remains	 in	 some	 fine	 layers	within	 a	Late	 Bronze/Early	 Iron	 Age	 Lake	 dwelling	 stratigraphy	 at	 lake	 Luokesa	 in	 Lithuania	(Pollmann,	2014).	Despite	the	evidence	for	flooding	events,	a	small-scale	patchwork	of	different	materials	in	 the	 occupation	 layers	 and	 signs	 for	 undisturbed	 in	 situ	 preservation	 was	 often	present	(e.g.	Jacomet,	1985;	Jacomet	et	al.,	2004).	However,	at	some	sites,	aquatic	plants	were	widespread	in	all	fine	layers	of	the	occupation	phase	(Bollinger,	1994),	indicating	a	sedimentation	 below	 water,	 a	 regular	 flooding	 of	 the	 settlement	 area	 or	 a	 mixing	 of	different	sediments	after	the	settlement	phase.	In	 order	 to	 differentiate	 between	material	 which	 was	 brought	 into	 sites	 naturally	 or	anthropogenically,	 studies	 of	 contemporary	 natural	 seed	 banks	 (e.g.	 Bollinger,	 1981;	Bonis	 and	 Grillas,	 2002)	 and	 experiments	 (Nichols	 et	 al.,	 2000;	 Schöbel,	 2011)	 are	important.	However,	there	are	only	very	few	such	studies.		
1.3.4	The	composition	of	anthropogenic	wetland	sediments	




Lines	of	nutritional	activities	Lakeshore	 settlement	 layers	 can	 contain	 indicators	of	 storage,	processing	 of	 cultivated	and	 gathered	 plants,	 including	 animal	 fodder	 and	 cooking	 residues	 (e.g.	 Maier,	 1995,	2004,	2011;	Brombacher	and	Jacomet,	1997;	Favre,	2002;	Jacomet	et	al.,	2004;	Zibulski,	2010;	 Antolín,	 2013),	 of	 herbivore	 dung	 (e.g.	 Rasmussen,	 1989,	 1993;	 Akeret	 and	Jacomet,	1997;	Akeret	et	al.,	1999;	Akeret	and	Rentzel,	2001;	Maier,	2004;	Herbig,	2009;	Kühn	 and	Wick,	 2010;	Kühn	 et	al.,	 2013)	 and	 omnivore	 dung	 (e.g.	Maier,	 1995,	 2001,	2004,	2011).	
	
Lines	of	artefacts	A	 summary	 of	 archaeobiological	 residues	 of	 different	 activities	 and	 their	 indicator	groups	can	be	found	in	Hall	and	Kenward	(2003).	In	lakeshore	settlements,	it	was	only	rarely	 attempted	 to	 find	 distinct	 patterns	 of	 artisanal	 activities.	 Exceptions	 are	 the	residues	of	 fibre	production	 from	 flax	 (e.g.	Herbig,	 2009;	Zibulski,	 2010;	Maier,	 2011)	and	the	working	of	yew	(Favre	and	Jacomet,	1998).		
1.3.4.3	Important	facies	of	occupation	layers	and	their	interpretation	
Loam	(clay)	layers	Layers	containing	loam	are	assigned	to	a	wide	range	of	events	and	functions,	e.g.	house	floors,	 hearths,	 collapsed	 walls,	 house	 repairs,	 loam	 refuse	 accumulations	 (e.g.	Ebersbach,	 2002;	 Dieckmann	 et	 al.,	 2006).	 No	 consistent	 interpretation	 of	 loamy	structures	was	possible	at	the	beginning	of	the	project.	Botanical	macroremains	usually	have	lower	densities	in	loamy	sediments	(Jacomet,	1985;	Brombacher,	1986;	Bollinger,	1994;	Favre,	2002;	Maier,	2004),	with	 the	exception	of	heterogeneuous	 loam	deposits,	which	may	be	rich	 in	charred	plant	remains,	pointing	to	 food	processing	(e.g.	 Jacomet,	1985;	Favre,	2002),	 though	 it	 is	often	not	clear	 if	 these	structures	are	 found	 in	situ	or	not.		
Refuse	accumulations	Refuse	 accumulations	 or	middens	 are	 characterized	 by	 higher	 densities	 of	 bones,	 fish	remains,	charred	remains	and	organic	remains	like	hazelnuts,	acorns	or	sloes	(Jacomet,	1981;	Märkle,	2000;	Favre,	2002;	Maier,	2004).	At	Zug-Riedmatt,	such	an	accumulation	containing	mainly	 slaughter	waste	 of	 red	 deer	 (Billerbeck-Braschler,	 2016)	 and	 large	amounts	of	ash,	moss	and	fish	scales	was	found	(the	so	called	‘bone	midden’,	in	the	NW-
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corner	 of	 the	 excavated	 surfaces,	 see	 Fig.	 3).	 It	 can	 be	 very	 difficult	 to	 distinguish	between	rubbish	heaps	and	loam	refuse	accumulations.		
Organic	layers	Organic	 deposits	 consist	 mainly	 of	 organic	 material	 and	 often	 almost	 exclusively	 of	subfossil	 plant	 remains	 (e.g.	 Jacomet	 et	 al.,	 1989;	 Maier,	 2001,	 2011).	 They	 usually	consist	of	a	mixture	of	different	activities	performed	during	settling	and	can	have	very	different	 characteristics.	 They	 may	 also	 contain	 higher	 amounts	 of	 ruminant	 dung.	However,	no	detailed	information	about	their	depositional	environments	was	available	at	the	beginning	of	the	project.		
Ash	layers	Ashes	are	very	fragile	and	can	easily	be	washed	away	by	rain,	yet	they	are	often	found	in	archaeological	 contexts	 (Braadbaart	et	al.,	 2012),	 also	 in	waterlogged	sites	 (e.g.	Huber	and	Ismial-Meyer,	2012).	Especially	 in	 the	so-called	 ‘bone	midden’	 from	Zug-Riedmatt,	large	 amounts	 of	 ashes	 were	 present.	 The	 reason	 for	 their	 preservation	 are	 not	 yet	entirely	clear.		
Burnt	layers	Burnt	 layers	 are	 rich	 in	 charcoal	 and	 charred	plant	 remains	 (e.g.	 Jacomet	et	al.,	 1989;	Maier,	2001)	and	 they	can	be	snapshots	of	 the	material	present	 in	a	 settlement	at	 the	time	of	a	fire.	
	
1.3.4.4	Seasonal	aspects	of	occupation	layers	Through	 dendrochronological	 dating,	 it	 was	 found	 that	 lakeshore	 settlements	 were	usually	occupied	only	for	short	time	spans	(e.g.	a	few	years	to	a	max.	of	two	decades	in	the	 4th	 millennium	 BC,	 Bleicher,	 2009;	 Ebersbach,	 2012).	 At	 the	 same	 time,	 well-preserved	sites	can	have	very	thick	occupation	layers	(often	over	20	cm),	which	should	allow	 the	 analysis	 of	 annual	 or	 even	 seasonal	 events.	 Despite	 that	 fact,	 very	 few	microstratigraphic	analyses	of	seasonal	processes	have	been	done.	Only	through	pollen	analysis	done	at	Lac	de	Clairvaux,	where	a	35	cm	thick	occupation	layer	corresponding	to	 10	 years	 of	 occupation	was	 finely	 sampled,	 an	 annual	 rhythm	was	 found	 (Richard,	1993).	However,	despite	an	identical	sampling	strategy,	no	such	result	could	be	found	at	Lac	de	Chalain.		
1.4	Aims	of	the	project	Based	 on	 the	 state	 of	 the	 art	 compiled	 in	 the	 previous	 chapter,	 the	main	 aims	 of	 this	Ph.D.	thesis	in	the	framework	of	the	project,	were	as	follows:	Concerning	methodology,	 it	should	be	attempted	to	contribute	to	an	establishment	of	standard	procedures	for:	
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2.1.1	Site	The	 Late	 Neolithic	 lakeshore	 settlement	 Zug-Riedmatt	 (canton	 of	 Zug,	 Switzerland;	UNESCO	World	Cultural	Heritage	Site; Fig.	1)	is	typologically	dated	to	3250-3100	cal.	BC	(Horgen	 period,	 dendrochronological	 dating	 was	 not	 yet	 possible,	 personal	 comm.	 E.	Gross).	 The	 occupation	 layer	 was	 up	 to	 1.3m	 thick	 (Fig.	 3),	 comprising	 two	 or	 three	settlement	phases.	The	duration	of	the	whole	occupation	phase	is	not	known	yet,	but	it	could	have	been	more	than	50	years	(personal	comm.	E.	Gross).	The	preservation	of	the	site	at	the	excavated	part	was	excellent,	due	to	the	fact	that	it	was	buried	beneath	6m	of	limnic	and	fluvial	sediments	and	located	below	the	groundwater	table	since	then.	This	is	in	contrast	to	most	other	Neolithic	occupation	layers	at	Lake	Zug,	which	usually	do	not	lie	 in	 the	 waterlogged	 zone	 anymore	 due	 to	 a	 late	 medieval	 lake	 level	 lowering	 of	approx.	2.5	m	(Amman,	1993)	and	are	 therefore	usually	much	 less	well	preserved	 (or	even	completely	destroyed).		
	
Fig.	 1.	 Locations	 of	 the	 sites	 Zug-Riedmatt	 and	Zürich-Parkhaus	 Opéra	 within	 Europe	 and	Switzerland.	 (Maps	 by	 San	 Jose	 (Europe),	 Eric	Gaba	and	NordNordWest	(Switzerland).)	
	
	
Fig.	 2.	 Lake	 Zug	with	 former	 shorelines	 and	 Neolithic	 sites.	 Zug-Riedmatt	was	 located	 at	 the	 northern	shore	in	a	former	delta	situation	where	the	river	Lorze	entered	lake	Zug.	(©Amt	für	Denkmalpflege	und	Archäologie	 des	 Kantons	 Zug,	 Direktion	 des	 Innern	 (Archiv	 Archäologie);	 by	 R.	 Huber	 and	 E.	 Gross;	geological	data	after	Ammann,	1993;	wetlands	after	 the	historical	waterbody	map	of	 the	canton	of	Zug,	1993)		The	 whole	 site	 covers	 approximately	 2500m2	 (estimation	 based	 on	 a	 core	 drilling	survey)	 and	was	 located	 at	 the	 Northern	 shore	 of	 lake	 Zug.	 Its	 location	 today	 is	 at	 a	distance	of	approximately	530m	from	the	shoreline	of	lake	Zug,	but	formerly	it	used	to	be	situated	at	 the	 lakeshore	and	close	 to	 the	channel	of	 the	river	Lorze,	within	a	bird-foot	 delta	 created	 by	 this	 river	 (Fig.	 2).	 Within	 this	 former	 bay,	 ‘Steinhauser	 Bucht’,	several	 other,	 though	 not	 similarly	 dated	 sites	 were	 discovered	 as	 well	 (see	 e.g.	
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Steinhausen-Sennweid	 (different	Neolithic	 and	Bronze	Age	periods;	Röder	 and	Huber,	2007)	 or	 the	 special	 case	 of	 Steinhausen-Chollerpark	 (Bronze	 Age;	 Eberschweiler,	2004)).	The	small-area	rescue	excavation	of	Zug-Riedmatt,	which	was	performed	in	2008	by	the	Cantonal	Archaeological	Service	of	Zug	(directed	by	G.	Schaeren),	was	extremely	densely	sampled.	 From	 an	 area	 of	 only	 64m2,	 607	 large-volume	 surface	 samples,	 numerous	wooden	piles,	 animal	bones,	 archaeological	 artefacts	 and	organic	 finds	were	 collected.	Most	 importantly,	 110	 profile	 columns	 (monolith	 samples,	 usually	 56	 x	 12	 x	 10	 cm)	were	taken	from	the	cleaned	profile	walls (Fig.	3).	They	covered	the	occupation	layer	as	well	 as	 the	 over-	 and	 underlying	 limnic	 and	 fluvial	 sediments.	 Due	 to	 the	 thick	occupation	phase,	the	complex	layer	structure	and	the	good	preservation,	Zug-Riedmatt	was	very	well-suited	to	showcase	how	an	elaborate	sampling	strategy	could	advance	the	evaluation	of	the	site.		
	
Fig.	3.	3D	model	of	the	excavated	area	of	Zug-Riedmatt	with	all	profile	walls	and	the	positions	of	all	profile	columns.	Reference	profile	columns	are	highlighted	in	orange.	(©Amt	für	Denkmalpflege	und	Archäologie	des	 Kantons	 Zug,	 Direktion	 des	 Innern	 (Archiv	 Archäologie);	 by	 S.	 Hlavová).	 The	 large	 midden-like	structure	(‘bone	midden’)	is	situated	in	the	NW-corner	of	the	excavated	area	(see	profile	88	and	98).		The	archaeological	feature	evaluation	of	the	site	is	not	yet	done,	and	it	is	therefore	not	known	how	many	houses	were	situated	in	the	excavated	area	(not	more	than	two).	The	duration	 of	 the	 occupation	 phase	 is	 also	 not	 exactly	 known,	 but	 it	 might	 have	 been	
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several	decennia,	as	the	occupation	phase	can	be	separated	into	two	or	three	different	settlement	 layers.	 However,	 stratigraphical	 units	 could	 be	 established	 by	 a	 trans-disciplinary	collaboration	in	the	lab	(see	chapter	2.1.3).		















	Additionally,	 four	 large-volume	 surface	 samples	 (taken	 as	 scatter	 samples)	 were	analysed	 (Tab.	3).	 Surface	 samples	 could	not	 clearly	be	 assigned	 to	 the	 according	 fine	stratigraphic	 layers	 in	 most	 instances.	 This	 is	 the	 reason	 why	 only	 very	 few	 such	samples	were	analysed	so	 far;	 they	come	from	the	already	mentioned	special	midden-like	structure	(the	so	called	 ‘bone	midden’)	 in	the	NW-corner	of	the	excavated	surface,	but	they	are	not	discussed	further	because	of	the	low	number	of	analysed	samples.		











































2.1.3	Classification	of	samples	into	stratigraphical	units	Because	 the	 archaeological	 feature	 evaluation	 could	 not	 be	 done	 yet,	 the	 definition	 of	stratigraphical	 units	 was	 done	 recently	 in	 the	 lab	 in	 a	 joint	 effort	 of	 the	 responsible	archaeologist	 (E.	 Gross),	 micromorphologist	 (K.	 Ismail-Meyer),	 palynologist	 (A.	 Heitz-
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Weniger)	and	botanical	macroremain	analysts	(B.	L.	Steiner,	S.	Jacomet),	using	polished	sections	 of	 all	 sampled	 profiles	 (Fig.	 4,	 Tab.	 4).	 The	 goal	 was	 to	 assign	 the	 finely	separated	 layers	 in	 the	 different	 profile	 columns	 to	 larger	 stratigraphical	 units	which	could	be	found	in	all	(or	most)	profile	sequences,	because	the	occupation	layer	was	very	thick.	 Such	a	 layer	assignation	was	not	done	earlier	because	of	 two	reasons:	 the	 layer	structure	was	quite	complex	and	was	only	better	understood	during	ongoing	analyses,	and	 the	 interpretative	 system	 which	 was	 used	 during	 the	 excavation,	 though	 an	important	model,	was	confounding	first	attempts.	In	order	to	define	stratigraphical	units,	we	mostly	relied	on	visible	traits	of	the	sediment	(on	photos	and	in	the	polished	sections)	and	on	our	description	during	the	separation	of	the	 layers.	 In	 case	 of	 doubt,	 we	sometimes	 consulted	 the	 results	 of	 the	disciplines	 micromorphology	 and	botanical	 macroremains,	 which	 were	already	 available	 at	 that	 time	 (but	 only	to	 confirm	 or	 reject	 the	 presence	 of	organic	 micrite).	 The	 organic	 micrite	layers	 were	 used	 as	 marker	 horizons	(see	 Fig.	 4),	 as	 they	 could	 usually	 be	clearly	 seen	 in	 all	 profile	 columns	(except	 in	 some	cases	 towards	 the	 land	side	of	 the	 excavation).	Using	 statistical	reclassification	of	the	units’	contents,	we	could	 later	 test	 if	 our	 system	 of	 units	made	 sense	 and	 if	 samples	 could	 be	reclassified	 using	 objective	 criteria.	 A	high	 amount	 of	 samples	 were	reclassified	 correctly	 (W.	 Vach,	 using	Stata),	 which	 shows	 that	 the	 system	 of	units	is	suitable	to	evaluate	the	samples.	
U14	 micrite	 (‚lake	 marl’)	 above	 the	occupation	layer	












U1	 micrite	 (‚lake	 marl’)	 below	 the	occupation	layer	
Table	4.	Stratigraphic	units	and	their	sediment	composition	(for	sediments	see	Tab.	1).There	are	two	possibilities	concerning	the	composition	of	the	occupation	phase:	either	three	settlement	layers	(U3-5,	U6-7	and	U8-12)	or	two	settlement	layers	(U3-5	and	U6-U12)	are	represented	within	it.	Concerning	feature	archaeology,	it	is	not	yet	clear	which	option	 is	more	 likely	(it	will	be	discussed	 later	which	option	 is	more	 likely	concerning	botanical	macroremains,	see	chapter	5.3.1.2).		
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Figure	 4.	 Polished	 sections	 of	 the	 47	 profile	 columns	 which	 were	 used	 for	 the	 classification	 of	stratigraphical	 units.	 For	 location	 of	 the	 columns	 see	 Fig.	 3.	 Organic	 micrite	 units	 are	 indicated	 with	colours.	(©K.	Ismail-Meyer,	Integrative	Prehistory	and	Archaeological	Science	(IPAS),	University	of	Basel).		
2.1.4	Recovery,	analysis	and	evaluation	of	the	samples		After	the	separation	of	the	fine	layers	in	the	profile	columns,	each	retrieved	sample	was	submersed	in	water	in	a	plastic	bag,	which	was	then	sealed.	The	bags	were	stored	in	a	walk-in	refrigerator	at	a	temperature	<5	degrees	C.	Freezing	and	thawing	was	used	as	pre-treatment	of	the	samples,	especially	in	order	to	facilitate	the	disintegration	of	loamy	sediments	 (Vandorpe	 and	 Jacomet,	 2007).	 The	197	 selected	 reference	 profile	 samples	were	 then	 sieved	 using	 the	 wash-over	 technique	 (Kenward	 et	 al.,	 1980;	 Hosch	 and	Zibulski,	2003;	research	paper	3.1).	With	the	exception	of	four	samples,	all	were	sieved	by	 the	 same	operator	 (G.	Di	 Stefano)	 and	without	 subsampling	 prior	 to	 sieving.	Mesh	sizes	 of	 4mm,	 2mm	 and	 0.35mm	were	 used	 for	 the	wash-over	 sieving	 of	 the	 organic	fractions.	 The	 sample	 volumes	 as	well	 as	 the	 volumes	 of	 the	 resulting	 fractions	were	measured	 using	 the	 ‘classical’	 volume	 measurement	 technique	 (measuring	 the	 upper	limit	 of	 the	 sediment	 in	water,	 as	 opposed	 to	 the	displacement	 volume	measurement,	Antolín	et	al.,	 2015,	 appendix	 7.2).	 The	 sieved	 samples	were	 again	 sealed	 in	 bags	 and	stored	in	the	same	refrigerator	until,	during	and	after	analysis.	Analysis	 of	 the	 samples	 was	 done	 using	 a	 Leica/Wild	 M3Z	 stereo	 microscope	(magnification	 6.5-40x).	 Four	 people	 analysed	 samples,	 but	 two	 only	 looked	 at	 a	 few	samples	(Ö.	Akeret:	43;	F.	Antolín:	4;	B.	L.	Steiner:	143;	P.	Vandorpe:	11).	Seed	and	fruit	remains	were	 sorted	and	quantified	 following	previously	 established	 counting	 criteria	(research	 paper	 3.1,	 table	 1,	 but	 with	 needles	 and	 small	 seeds/fruits	 being	 fully	quantified	 in	 all	 fractions).	 Various	 other	 macroscopic	 sediment	 components	 and	preservation	 parameters	 were	 semiquantified	 (research	 paper	 3.3).	 Due	 to	 the	 small	sample	 sizes	 (0.4l	 in	 average,	 individual	 volumes	 of	 samples	 can	 be	 found	 in	 the	appendix	7.9),	it	was	often	not	possible	to	obtain	the	desirable	sample	size	of	400	items	from	 the	 two	 larger	 fractions	 in	 order	 to	 give	 a	 reliable	 representation	 of	 the	 most	important	 taxa	 (after	van	der	Veen	and	Fieller,	1982,	modified	by	Hosch	and	 Jacomet,	2001).	 The	 large-seeded	 taxa	 might	 therefore	 be	 underrepresented,	 as	 is	 known	 for	smaller	 (profile)	 samples	 (Hosch	 and	 Jacomet,	 2004;	 Jacomet,	 2013;	 Antolín	 et	 al.,	2017b,	 appendix	 7.3).	 Therefore,	 the	 4mm-fraction	 was	 always,	 the	 2mm-fraction	
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almost	 always	 fully	 analysed	 (except	 in	 two	 cases).	 The	 0.35mm-fraction	was	 usually	subsampled.	 The	 subsampling	 was	 done	 after	 sieving	 (which	 should	 provide	 a	 more	homogeneous	mixture	of	remains,	see	research	paper	3.2),	by	the	analyser	using	a	grid,	and	 one	 or	 more	 subsamples	 were	 analysed	 in	 order	 to	 reach	 a	 certain	 number	 of	remains	(roughly	400).	For	the	identification	of	plant	remains,	the	IPAS	seed	reference	collection	 and	 selected	 literature	 (e.g.	 Körber-Grohne,	 1964;	 Jacomet	 et	 al.,	 1989;	Cappers	 et	 al.,	 2006)	 was	 used.	 Sorted	 waterlogged	 plant	 remains	 were	 stored	 in	 a	conserving	agent	containing	thymol,	ethanol,	glycerine	and	water,	charred	objects	were	air-dried	 and	 stored	 in	 dry	 state.	 Insect,	mollusc	 and	 small	 animal	 remains	were	 also	sorted	and	stored	in	purified	water.	All	 data	were	 entered	 into	 the	database	ArboDat	 (©Kreuz	 and	 Schäfer	2016),	 but	 the	classification	 into	 ecological	 groups	 roughly	 followed	Brombacher	 and	 Jacomet	 (1997,	and	literature	cited	there)	and	was	adjusted	several	times	(following	Oberdorfer,	2001,	http://www.infoflora.ch,	http://www.pfaf.org	and	own	experience).	Taxa	were	first	and	foremost	 classified	 according	 to	 their	main	 ecological	 amplitude	 and	 not	 always	 their	complete	 one,	 so	 care	 must	 be	 taken	 when	 interpreting	 the	 data	 as	 the	 ecological	amplitudes	of	the	plant	species	can	be	wide.	We	tested	the	actualistic	classification	of	the	taxa	 through	 statistical	 correlations	 and	 refined	 some	 of	 the	 classifications	 based	 on	these	 tests	 (W.	 Vach).	 The	 following	 taxa	 were	 subsequently	 sorted	 into	 another	ecological	 group	 based	 on	 their	 statistical	 correlations:	 Veronica	 sp.	 (from	 various	unassigned	 plants	 to	 wet	 grassland),	 Myosoton	 aquaticum/Stellaria	 nemorum	 (from	wetland	 plants	 unassigned	 to	 shoreline	 pioneers),	 Epilobium	 sp.	 (from	 various	unassigned	 plants	 to	 woodland	 clearing	 edge,	 hedge,	 bush	 plants).	 These	reclassifications	cannot	be	generalized	for	other	sites.	The	ecological	evaluation	is	based	on	uniformitarianism,	considering	plant	habitats	of	today.	Nomenclature	 of	 scientific	 plant	 names	 follows	 the	 National	 Data	 and	 Information	Center	of	the	Swiss	Flora	(http://www.infoflora.ch).	Correspondence	analysis	was	performed	using	the	program	PAST3	(Ø.	Hammer).	Other	statistical	analyses	were	done	by	W.	Vach	using	Stata	(StataCorp	LP).		
2.2	Site	Zug-Riedmatt	Überbauung	Riedpark	III	(ZGRI	RIII)	Approximately	 80m	 upstream	 of	 the	 lakeshore	 settlement	 Zug-Riedmatt,	 fluvial	sediments	were	 found	and	sampled	with	a	profile	 sequence	during	 construction	work	(Gross	et	al.,	2015).	Despite	their	position	at	a	higher	altitude	than	the	occupation	layer	of	Zug-Riedmatt,	they	were	C14-AMS-dated	to	the	first	quarter	of	the	5th	millennium	BC,	and	were	therefore	clearly	older	than	the	occupation	layer	of	Zug-Riedmatt	(see	chapter	2.1).	The	whole	 profile	 sequence	was	 described	 and	 sampled	 in	 a	 transdisciplinary	way	 as	described	for	the	site	Zug-Riedmatt	(see	chapter	2.1.2).	Botanical	macroremains	of	five	of	the	more	organic	samples	in	this	sequence	were	examined	(see	Tab.	2)	in	order	to	see	what	plant	materials	were	included	in	naturally	accumulated	(mostly	fluvial)	sediments	(see	 also	 appendix	 7.4).	 Analysis	 and	 evaluation	 were	 done	 in	 the	 same	 way	 as	 for	
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samples	 from	Zug-Riedmatt	(see	chap.	2.1.4).	At	 the	same	time,	 the	sequence	was	also	palynologically	analysed	(by	A.	Heitz-Weniger).		
2.3	Site	Zug-Schützenmatt	(ZGSCH)	In	a	distance	of	a	mere	2km	to	the	east	of	Zug-Riedmatt,	another	lakeshore	settlement,	Zug-Schützenmatt,	is	located.	This	site	also	dates	to	the	Horgen	culture	(dendrodated	to	3161-3154	cal.	BC)	and	could	have	existed	contemporaneously	with	Zug-Riedmatt,	but	the	preservation	of	 its	 occupation	 layer	 is	not	 as	 good	 (for	 reasons	mentioned	above)	and	 it	 was	 never	 fully	 excavated	 (see	 also	 Elbiali,	 1989;	 Hochuli	 and	 Sormaz,	 1993).	Some	 cores	 from	 east	 of	 the	 already	 excavated	 parts	 were	 taken	 during	 a	 coring	campaign	in	2015	in	order	to	investigate	the	extent	of	the	cultural	layer	(Reinhard	et	al.,	2016).	Five	core	samples,	 from	different	 locations	and	dated	differently	 (see	appendix	7.5	 and	 Reinhard	 et	al.,	 2016),	 were	 sampled	 in	 a	 transdisciplinary	way	 (see	 chapter	2.1.2)	 and	 macrobotanically	 analysed	 (Tab.	 3).	 As	 most	 of	 them	 did	 not	 contain	 any	occupation	 layer	material	 or	 only	 small	 amounts,	we	 also	 used	 them	 for	 investigating	differences	between	naturally	and	anthropogenically	accumulated	layers.	Analysis	and	evaluation	were	done	in	the	same	way	as	for	samples	from	Zug-Riedmatt	(see	chapter	2.1.4).		
2.4	Zürich-Parkhaus	Opéra	(ZHOPE)	
2.4.1	Site	From	 the	 Late	 Neolithic	 lakeshore	 settlement	 Zürich-Parkhaus	 Opéra	 (Fig.	 1),	 the	occupation	layer	mainly	considered	here	(layer	13)	is	dendrodated	to	3176	to	3153	cal.	BC	(Horgen	period;	see	Bleicher	and	Burger,	2015).	The	preservation	of	this	occupation	layer,	 which	was	 up	 to	 0.37m	 thick	 (much	 thinner	 than	 the	 occupation	 layer	 at	 Zug-Riedmatt;	Bleicher	 and	Ruckstuhl,	 2015,	p.	 53),	was	 good.	 In	 the	19th	 century,	 several	meters	of	sediment	were	dumped	on	the	existing	sediment	(Wurst	and	Rick,	2015,	p.	27-39)	 and	 it	 is	 not	 yet	 clear	 how	 this	 event	 affected	 the	 underlying	 sediments.	 The	 site	comprised	approximately	3000m2	and	was	excavated	almost	entirely	(see	Bleicher	and	Ruckstuhl,	2015),	in	contrast	to	the	site	Zug-Riedmatt.	The	site	is	located	at	the	Northern	shore	of	lake	Zürich	near	the	lake	outlet	of	the	river	Limmat.	The	sampling	of	the	large-area	rescue	excavation	of	Zürich-Parkhaus	Opéra,	which	was	conducted	 in	 2010/2011,	was	 somewhat	 different	 from	 the	 one	 of	 Zug-Riedmatt.	 The	surface	was	systematically	sampled	by	a	large	number	of	large-volume	surface	samples	(taken	as	scatter	samples)	from	every	second	square	metre.	2514	samples	were	taken	in	total,	 and	 from	 those,	 256	 samples	 from	 layer	 13	 were	 chosen	 for	 analysis	 (in	 total	almost	1000l	of	sediment).	They	were	more	or	less	evenly	distributed	over	the	surface	of	 the	 layer	 (see	 Fig.	 37	 in	 Antolín	 et	al.,	 2017a).	 During	 the	 ongoing	 analyses,	 house	floor	 plans	were	 determined	 (Bleicher	 and	 Burger,	 2015,	 for	 layer	 13	 p.	 127).	 In	 the	future,	more	samples	of	layer	13	will	be	analysed	in	order	to	have	a	good	representation	of	most	of	the	excavated	houses,	but	also	the	spaces	in	between	them.	
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For	 this	 work,	 samples	 of	 Zürich-Parkhaus	 Opéra	 were	 only	 used	 for	methodological	research	 (see	 research	 papers	 3.1-3),	 but	 general	 results	 of	 this	 site	 are	 published	by	Antolín	et	al.	(2017a).		
2.4.2	Sample	preparation	After	 the	samples	had	been	subsampled	 for	different	microremains	(e.g.	parasite	eggs;	see	 Maicher	 and	 Le	 Bailly,	 2017)	 and	 their	 main	 components	 semiquantitatively	described,	 they	 were	 separated	 into	 a	 larger	 (A-sample,	 ca.	 4	 litres)	 and	 a	 smaller	sample	 (B-subsample,	 300ml).	This	 separation	was	done	 in	order	 to	 save	 time	during	the	sieving	and	analysing	process.	The	 influence	of	 this	subsampling	process	was	then	evaluated	in	order	to	find	out	whether	it	influenced	the	results	(see	research	paper	3.2).	The	goal	was	to	elaborate	recommendations	for	future	similar	work,	and	also	to	see	how	well	excavations	from	which	only	small	samples	were	analysed	(like	for	Zug-Riedmatt)	are	 comparable	 with	 excavations	 from	 which	 large-volume	 samples	 were	 taken	 (for	results	see	Antolín	et	al.,	2017b,	appendix	7.3).		
2.4.3	Classification	of	samples	into	(rough)	stratigraphical	units	Samples	 could	 roughly	 be	 classified	 according	 to	 their	 position	within	 the	 occupation	layer	if	it	was	thick	enough	(Antolín	et	al.,	2017a).	Three	classes,	top,	intermediate	and	base,	were	used	in	these	cases.	If	the	layer	was	thin,	only	one	class,	single,	was	used.	This	system	was	 used	 in	 order	 to	 see	whether	 plant	 spectra	 and	 preservation	 parameters	changed	within	layer	13	(stratigraphically	and	spatially).		
2.4.4	Recovery,	analysis	and	evaluation	of	the	samples	Analysis	and	evaluation	were	basically	done	in	the	same	way	as	for	samples	from	Zug-Riedmatt.	Differences	were	the	following:	A-	and	B-samples	were	also	sieved	using	the	wash-over	method	 (Hosch	 and	 Zibulski,	 2003;	 research	 paper	 3.1)	 with	 freezing	 and	thawing	as	pre-treatment	(Vandorpe	and	Jacomet,	2007),	but	different	mesh	sizes	were	used.	 For	 A-samples,	 only	 8mm	 and	 2mm	 and	 for	 B-samples	 only	 2mm	 and	 0.35mm	mesh	 sizes	 were	 utilized	 for	 the	 organic	 fractions.	 Four	 different	 operators	 with	 the	same	 instructions	 sieved	 the	 samples.	 In	 order	 to	make	 sure	 that	 their	methods	were	comparable,	a	test	comparing	them	was	conducted	(see	research	paper	3.1).	The	sample	volumes	and	the	volumes	of	the	resulting	fractions	were	almost	all	measured	using	both	the	displacement	volume	measurement	method	and	the	‘classical’	volume	measurement	method	(for	212	samples	from	layer	13	and	for	84	samples	from	layer	14).	In	this	way,	both	methods	could	be	compared	(Antolín	et	al.,	2015,	appendix	7.2).	The	2mm-	and	the	0.35mm-fraction	were	 usually	 subsampled	 by	 the	 sievers,	 using	 exact	 guidelines.	 The	sieved	 samples	were	packed	 in	plastic	 containers	 and	 stored	 in	 a	walk-in	 refrigerator	(<5	degrees	C)	until,	during	and	after	analysis.	Sample	volumes	of	A-samples	were	large	(in	 average	 3.8	 litres),	 ensuring	 a	 reliable	 representation	 of	 large-seeded	 plant	 taxa	(Hosch	 and	 Jacomet,	 2001;	 see	 also	 Antolín	 et	 al.,	 2017b,	 appendix	 7.3).	 The	
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The sieving process has a considerable inﬂuence on the subsequently retrieved archaeobotanical data. As known
from earlier work, the wash-over method is the most suitable method to extract plant macroremains from
waterlogged sediments. This paper presents an experiment in which it was tested if different sievers using this
method produced comparable results.
Some systematic differences between sievers were found in the larger fractions (≥2 mm), namely the varying
presence of small remains. This problem can be avoided if detailed instructions are given to the sievers and guide-
lines for counting remains are usedduring analysis. In the small fraction (N0.35mm), differences between sievers
were not substantial anymore. In addition to differences caused by the sieving techniquewe could also show that
the patchy pattern of clumpy waterlogged sediments complicates a statistically relevant subsampling. We can
state that only large differences between samples should be interpreted in palaeoeconomic terms, but that it is
no disadvantage if several sievers work on the same project.
It is our purpose to raise awareness of the fact that the methodology has a strong impact on the results obtained
and should therefore always be revealed on a detailed level, especially if data from one site will later be used for
comparisons with other sites.
© 2015 Elsevier Ltd. All rights reserved.
1. Introduction
Waterlogged sediments allow the preservation of waterlogged
(subfossil uncharred) plant remains, which would otherwise
disappear from the archaeological record due to natural decay
(e.g. Jacomet, 2013). Usually, plant remain densities are extremely
high (over 10,000 remains per litre of sediment) and the diversity
is considerable (on average over 40 taxa per sample; e.g. Hosch
and Jacomet, 2004; Jacomet et al., 1989; Maier, 2001; Vandorpe
and Jacomet, 2011). Nevertheless, these remains are fragile and
can easily be damaged or lost if recovery methods are not appropri-
ate. In order to recover plant macroremains from waterlogged sed-
iments, several methods like wet-sieving, wash-over and ﬂotation
have been used (Kenward et al., 1980; Pearsall, 2000). Depending
on the sieving method and the siever who processes the material,
large differences in the botanical macroremain composition can
arise (Hosch and Zibulski, 2003). But in large-scale projects or in
situ sieving, if a large amount of sediment has to be processed with-
in a restricted period of time, it is necessary to employ several
sievers. In an experiment, Hosch and Zibulski (2003) compared
samples of a Neolithic lake dwelling cultural layer wet-sieved by
different operators and used an analysis of variance to identify the
taxa which were inﬂuenced by the wet-sieving methods of the
different sievers. They identiﬁed several taxa which were eliminated
completely or partly if the wet-sieving process was too intensive.
The wash-over technique, where organic material is gently separat-
ed from the inorganic, has proved to be a more appropriate method
(Badham and Jones, 1985; Tolar et al., 2009; Zibulski, 2010). For
this method (as described in Kenward et al., 1980 and slightly mod-
iﬁed), the sediment is processed in portions in a small bucket or
bowl. A moderate stream of water is applied and the bucket/bowl
is swirled. The supernatant (consisting mainly of suspended organic
remains and ﬁne mud) is drained onto sieves of desired mesh sizes.
Gentle stirring by hand can be applied if the sediment is hard to
disaggregate even after pre-treatment by freezing and thawing
(Vandorpe and Jacomet, 2007). This process is repeated until no
further organic particles are carried off and only inorganic material
and, occasionally, bones remain. Then the process is repeated for
the next portion of sediment until the whole sample is processed.
After packing the organic fraction, the collected inorganic fraction
can be wet-sieved. For the wash-over method, the density of organic
ﬁnds is greatly improved (eg. Badham and Jones, 1985), but the
effect of different sievers has not yet been tested.
To ﬁll this gap of knowledge, we designed an inter-siever-variability
study, where different sievers treated subsamples of the same samples
Journal of Archaeological Science: Reports 2 (2015) 310–320
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using thewash-overmethod in order to identify potential differences in
theﬁnal archaeobotanical composition that could be due to the action of
each operator. This work therefore aims to ﬁll an essential gap in the
methodological basis of archaeobotany. The results will be of impor-
tance for archaeobotanical research onwetland sites of all time periods.
2. Material & methods
Samples from the Neolithic lake dwelling site of Zürich–Parkhaus
Opéra (Zürich, Switzerland), which was excavated during 2010 and
2011, were used in this experiment. The samples studied were taken
from layer 13 (Horgen culture, dendrodated to c. 3160 BC, Bleicher per-
sonal communication). This so-called cultural layer consists of different
sediment types (mostly organic sediments) of varying thickness (Fig. 1).
Large-volume surface samples (5–7 l) were taken in a systematic way
(for sampling of lakeshore settlements see Jacomet and Brombacher,
2005). Previous work has demonstrated that such large samples are
needed in order to have a good representation of large-seeded items
(e.g. Jacomet, 2013). Nevertheless, the sieving of such large volumes
using a 0.35 mm mesh size would be extremely time-consuming and
would produce considerable amounts of organic residues that cannot
be investigated in everyday archaeobotanical work. Therefore, it was
decided to take a small subsample (of 0.3 l) using the grid method
(Veen van der and Fieller, 1982) to be sieved with a smaller mesh size
(Fig. 2). As a result, the large subsample (3–5 l, called A-samples) was
sieved only using sieves of 8 mm and 2 mm mesh sizes to recover a
sufﬁcient amount of remains of large-seeded taxa. The small sub-
sample (called B-samples) was sieved at a later stage, using sieves
of 2 mm and 0.35 mm mesh sizes. From previous work, it was
known that the small-volume B-samples contained more than
enough remains for reaching the required number of items in the
small fraction (Hosch and Jacomet, 2001).
For the Parkhaus Opéra project, it was necessary to sieve around 450
samples within a span of 2 years. For this, several sievers were needed.
Being aware of differences found in previous projects due to the incon-
sistency of sieving technique performed by different operators (Hosch
and Zibulski, 2003; Zibulski, 2010), it was considered necessary to
check whether the results obtained by all the sievers within our project
were fully comparable. For this purpose, we split four samples into four
A-subsamples, the so-called siever-A-samples (Fig. 2). In addition, we
took three B-samples each from three other samples, the so-called
siever-B-samples. For both we used the grid method (Veen van der
and Fieller, 1982) (see the location of the samples on the site plan in
Fig. 1). This method should ensure a random subsampling of the con-
tents of the sample, making the two inter-siever-variability studies
largely comparable (at least for the best-represented taxa). However,
chances for producing subsamples with a diverse composition are rela-
tively high, given that the nature of the cultural layers in waterlogged
context is very patchy and the sediment is usually found in clumps,
which cannot be disaggregated without damaging the contents before
freezing, thawing and sieving. It is for this reason that another study
was carried out, so as to observe the effects of subsampling in wet
sediments and this will not be discussed in detail here.
Cultural layers at lakeshores contain different sediment types like
strongly organic layers of different compositions, charcoal layers,
loamy sediments etc. (see e.g. Ismail-Meyer et al., 2013; Jacomet et al.,
1989). This was also the case for layer 13 of the Zürich-Parkhaus
Opéra site (Fig. 1). Therefore sediment samples of different nature
were chosen for this inter-siever-variability study. Siever-A- and
siever-B-samples were not taken from the same samples because
these two parts of the study were separated chronologically for reasons
of practicality (feedback was given to the sievers after the ﬁrst study
with the siever-A-samples).
After a process of description of the composition of the sediment
sampled and the subsampling of it, A- and B-samples were sieved
using the wash-over technique combined with freezing and thawing
as pre-treatment (Vandorpe and Jacomet, 2007) to facilitate the disinte-
gration of the highly clumpy material. Four operators sieved one sub-
sample of each of the four siever-A-samples and three operators
sieved one subsample of each of the three siever-B-samples, all follow-
ing the same precise instructions (besides a training sessionwith one of
the more experienced sievers, there were also written guidelines about
how to handle obvious fragile materials, when to empty the sieves into
bigger bowls so that there is no overﬂow, how to subsample the
fractions etc.). The subsequent 2 mm-fraction of the A-samples and
0.35 mm-fraction of the B-samples were subsampled with the grid
method in order to minimize the time needed for analysis. Then, in
both cases, one or more subsamples were analysed in order to reach
384 items (per fraction), which is the amount of remains considered
to give a reliable representation of the most important taxa in the
right proportions and not targeting amaximumnumber of taxa (follow-
ing Veen van der and Fieller, 1982, modiﬁed by Hosch and Jacomet,
Fig. 1. Site plan of the lake dwelling site Parkhaus Opéra (Zürich, Switzerland) with the
location of the examined samples and pictures showing two sections of the cultural
layer in two different locations. (Picture credit to the Ofﬁce for Urbanism, City of Zürich.)
Fig. 2. Subsampling strategy used for the project in general and for this study.
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2001). Based on earlier experiencewith similarmaterials, a time limit of
c. 12 h was established as a maximum time considered as efﬁcient to
spendwith one sample. If the target population was not reachedwithin
this time, no more subsamples were sorted.
Seed and fruit remains were sorted and quantiﬁed following previ-
ously established criteria (see Table 1), so the inﬂuence of the person
analysing the sample should be negligible.
In order to compare the results between subsamples, several variables
were taken into consideration: the overall density based on displacement
volume measurement technique (where a deﬁned volume of water is
added to the sample in a measuring vessel until the material is fully cov-
ered, then the overall volume is read off the upper rim of the water and
the volume of water is substracted from the overall volume to give the
displacement volume of the sample; as recommended in Antolin et al.,
submitted; see also Jacomet and Kreuz, 1999), the botanical diversity
(number of taxa), and the cleanliness (degree of turbidity, amount of un-
dissolved concretions) of the resulting sieved fractions. Additionally, we
classiﬁed the remains into fragile or robust groups according to guidelines
which were already established in a previous work by Hosch and
Zibulski (2003). We used their classiﬁcation, but additionally separated
these remains into large and small groups (see Table 2) and calculated
concentration values for fragile large and small as well as robust large
and small remains based on these taxa only.
For the examination of large- and small-seeded taxa, another classi-
ﬁcation of the seed and fruit remains into clearly N2 mm and clearly
b2 mm sizes was done, where muchmore taxa than the ones listed be-
fore were considered, while some which can appear both in the 2 mm-
and the 0.35 mm-fractions, like cereal chaff and ﬂax seeds (whichwere
present inmost of the subsamples anyway), were left out. This different
classiﬁcation was used to determine the numbers of taxa present, be-
cause only relatively few and common taxa were used for the calcula-
tion of concentration values of relevant large- and small-seeded taxa
(as listed in Table 2, after Hosch and Zibulski, 2003).
We compared the proportions of some species (occurring in a
reasonably high amount of ≥10% in the samples) in the different
subsamples to see if they represented a similar proportion of the total
of remains (as should be expected according to the work of Veen van
der and Fieller (1982)) and, if not, if the differences observed could be
due to the sieving process.
Nomenclature of scientiﬁc plant names follows the National Data
and Information Center of the Swiss Flora (http://www.infoﬂora.ch).
3. Results
3.1. General
The subsamples of siever-A-samples, which had a volume between
0.9 and 1.5 l, allowed the recovery of 1300–2700 remains per total
A-sample. The size of the analysed fraction volume ≥2 mm varied
between 75 and 150 ml, which was between 14 and
2
3 of the fraction
(Table 3). In 9 out of 16 subsamples this was enough to reach the
required target population of 384 remains within the time limit
established. Only seven subsamples did not reach this value, but they
all contained more than 250 remains.
A list of all remains found in siever-A-samples can be found in the
appendix (Table A).
All siever-B-samples had a volume of 0.3 l and they rendered
between 1400 and 2600 remains per total B-sample. For reaching the
target populations in the 0.35 mm-fraction, only 10–15 ml had to be
analysed, which was not more than 14 of the fraction. In only three sam-
ples, the target population in the 0.35mm-fractionwas not reached, but
all contained more than 300 remains (Table 4).
Table 1
Guidelines for the recording of botanical macroremains used in the analysis of Parkhaus Opéra, established before the inter-siever-variability study (based on guidelines published in
Hosch and Jacomet (2001)).
Taxa/type of remain State of preservation Counting unit Quantiﬁcation
2 mm 0.35 mm
Cereal grains Charred With embryo Full Full
Cereal bran Waterlogged N2 mm with hilum Full Full
Cereal chaff Waterlogged and charred Glume bases (glume wheat)





Waterlogged and charred ≥2 capsule fragments, with apex Full Full
Flax seeds Waterlogged and charred With hilum Full Full
Opium poppy (Papaver
somniferum) seeds
Waterlogged and charred Whole seeds or halves p/a Full
Amorphous charred objects Charred N5 mm Full Full
Rubus/Fragaria/Najas Waterlogged and charred Whole seeds or N1/2 for Najas Full Full
Corylus/Fagus
/Quercus pericarp
Waterlogged and charred 5 × 5 mm Full Full
Malus/Pyrus pericarp Waterlogged and charred 3 × 4 mm Full Full
Large seeds/fruits Waterlogged and charred Whole or N1/2 Full Full
Needles of coniferous trees Waterlogged and charred Needles with apical ending p/a p/a
Smaller seeds/fruits Waterlogged and charred Whole or N1/2 p/a Full
Table 2
List of fragile and robust remains which were used for the evaluation of the inter-siever-
variability study and their classiﬁcation into large and small groups.
Large Small
Fragile Fagus sylvatica pericarps
Linum usitatissimum larger









Cerealia chaff (including: Hordeum
vulgare, Triticum aestivum/durum/
turgidum, T. dicoccon,
T. monococcum and T. cf. spelta)
Linum usitatissimum seeds










Rubus fruticosus and R. idaeus stones
Verbena ofﬁcinalis mericarps
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A list of all remains found in siever-B-samples can be found in the
appendix (Table A).
3.2. Average concentration
The concentrations of the siever-A-samples ranged between 325
and 2763 remains/l of sediment (r/l, Fig. 3). Sample 1 (richly organic)
and sample 2 (organic with loam and dung) were richer in botanical
macroremains (N1400 r/l N 2 mm on average) than sample 3 (organic
with loam) and sample 4 (organic with lake inﬂuence indicators;
b500 r/l N 2 mm on average), but differences within samples were
sometimes higher than between samples.
There were systematic differences between sievers. Siever 1 always
had the lowest concentration of botanical macroremains in her/his
subsamples (up to N100% of difference compared to other sievers).
Siever 3 had an unusually high concentration of remains in his/her sub-
sample of sample 1, but in all other samples, siever 2 produced the
highest concentration of remains. However, there were no pronounced
unsystematic differences between the samples of the different sievers,
the ranking of the samples was the same for all sievers except for siever
3.
The concentrations of the siever-B-samples ranged between 4763
and 20,382 r/l (Fig. 4). Subsamples of sample 5 (organic with char-
coal) had the highest average concentration of remains N0.35 mm
(N17,000 r/l). Subsamples of sample 6 (organic with loam and lake
inﬂuence indicators) and 7 (strongly organic with dung) had lower
concentrations (both b8000 r/l N 0.35 mm). In general, differences
within samples were much smaller than in siever-A-samples.
Table 4
General information about the siever-B-samples. The samples where the target population was not reached are marked with an asterisk.
Sample 5 Sample 6 Sample 7
Siever 1 3 4 1 3* 4 1* 3* 4
Volume (l) 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Volume of 0.35 mm-fraction analysed (ml) 10 10 10 10 10 10 15 15 15
Remains found (2 mm-fraction) 100 401 135 82 237 33 38 84 172
Remains found (0.35 mm-fraction) 726 602 663 541 351 477 318 325 483
Cleanliness Clean Clean Clean Clean Clean Clean Clean Clean Clean
Sediment type Organic with charcoal Organic with loam, lake marl and molluscs Strongly organic with some dung2
2 See Table 3 for deﬁnition.
Table 3
General information about the siever-A-samples. Samples where the target population was not reached are markedwith an asterisk. The 8mm-fraction was always completely analysed.
Concretions (conc.) are compactions of organic and inorganic materials (which could also contain seeds/fruits).
Sample 1 Sample 2 Sample 3 Sample 4
Siever 1 2 3 4 1* 2 3 4 1* 2 3* 4* 1* 2 3* 4*
Volume (l) 1 0.9 1.2 1.1 1.5 1.1 1.2 1.3 1.1 1.3 1.4 1.1 1.2 1.25 1.2 1.2


































Volume of 2 mm-fraction
analysed (ml)
100 100 100 100 150 100 117 150 75 125 125 150 140 150 100 100
Remains found
(8 mm- + 2 mm-fractions)
545 415 862 629 255 836 835 780 284 438 273 339 319 441 349 268







Sediment type Strongly organic Organic with loam and dung1 Organic with loam Organic with lake marl and molluscs, some
dung
1 Based on earlier investigations, dung was recognized by its typical smell, consistency and the light brown colour (see also Robinson and Aaby, 1994; Kenward and Hal, 2012; Kühn
et al., 2013).
Fig. 3. Concentrations (r/l) of all subsamples of the siever-A-samples. Fig. 4. Concentrations (r/l) of all siever-B-samples.
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Differences between sievers were not very pronounced. The ranking
was the same for all sievers.
3.3. Number of taxa
There were between 18 and 30 taxa in each siever-A-sample,
but in total, all samples had 40 or more taxa (Fig. 5). Therefore, in
none of the subsamples, all taxa were present, which was expected
as our goal was not to record maximum taxa diversity. The richest
subsample of each study sample yielded between 10 and 15 taxa
less than the total. Sample 1 (described as strongly organic) had
the highest total number of taxa (57).
Differences between sievers were mainly systematic. Siever 1 usually
produced the lowest number of taxa except in sample 4,where this siever
obtained the highest number of taxa. Siever 2 had the highest average
number of taxa. Some unsystematic differences were present as well.
The number of large-seeded taxa obtained in the subsamples of each
siever-A-sample was very similar (the difference between the richest
and the poorest subsample was never larger than 3; Fig. 6A). However,
even for the large-seeded taxa, the total amount of taxa per sample was
not reached in any of the subsamples. Larger differences could be
observed in the number of small-seeded taxa (between 5 and 9 taxa
of difference between the richest and the poorest subsamples within
each sample; Fig. 6B). The largest differences were obtained in samples
2 and 3.
There was a systematic difference between sievers for small-seeded
taxa (Fig. 6B). Siever 1 always obtained the lowest amounts in all sam-
ples except in sample 4, while sievers 2 and 3 usually had the highest
amounts in their subsamples (in their samples, taxa with very small
propagation organs like Juncus sp., Origanum sp., Chara sp. or Brassica
rapa could sometimes be found in the 2 mm-fraction). The ranking of
the samples of siever 1 was also different from the other sievers. The
values for large-seeded taxa were much more balanced (Fig. 6A).
Considering the relation between the number of taxa and the
number of remains studied, it should be noted that samples where the
target population had not been reached (see Table 3) usually had a
lower number of taxa. However, as can be seen in Fig. 6A, large-
seeded taxa were not affected by this in siever-A-samples.
In each of the three siever-B-samples, more than 20 taxa could
be found in each subsample and more than 45 taxa in total
(Fig. 7). In none of the subsamples, all taxa were found. In fact at
least 30% of the total taxa per siever-B-sample were missing in all
subsamples.
Differences between the sievers were small. Only in sample 6, siever
1 had a slightly higher number of taxa than the other sievers.
The number of taxa in the siever-B-samples where the target
population had not been reached was largely comparable to the
other siever-B-samples.
Differences between siever-B-samples were similar in both large-
(Fig. 8A) and small-seeded taxa (Fig. 8B). As expected, there were
more small-seeded taxa present because the 0.35 mm fraction was
analysed. At least 10% of the large-seeded taxa and 30% of the small-
seeded taxa were missing in each subsample.
Siever 1 always had the highest number of large-seeded taxa in his/
her subsamples, but in samples 6 and 7, differences between sievers
concerning large-seeded taxa were very small. For small-seeded taxa,
siever 1 also had the highest number of taxa in samples 5 and 6, but
differences were also small in this type of remains.
3.4. Concentration of robust seed and fruit remains
Concerning the robust large remains in siever-A-samples (Fig. 9A),
the range around the average concentration obtained in different sub-
samples was 63% (see Table B.1). Concentrations obtained by different
sievers were more or less similar in each sample, although siever 3
had the lowest values in samples 1, 2 and 3 (and on average).
Concerning the robust small seed and fruit remains in siever-A-
samples (Fig. 9B), the range around the average concentration obtained
in different subsampleswas 102% (see Table B.1). The very high concen-
tration in the subsample of sample 1 processed by siever 3 was caused
by the high concentration of Rubus fruticosus and Rubus idaeus stones.
Without considering this subsample, the systematic differences be-
tween sievers were still quite substantial. In three out of four samples,
Fig. 5. Number of taxa in all subsamples of the siever-A-samples and in total.
Fig. 6.Number of A) large- and B) small-seeded taxa in all subsamples of the siever-
A-samples and in total.
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siever 1 had a considerably lower concentration of robust small taxa
than the other sievers while siever 3 had the highest values in all
cases. However, no unsystematic differences between the samples of
the different sievers could be detected, except that siever 1 had a differ-
ent ranking of samples.
Concerning the robust small seed and fruit remains in siever-A-
samples (Fig. 9B), the range around the average concentration obtained
in different subsampleswas 102% (see Table B.1). The very high concen-
tration in the subsample of sample 1 processed by siever 3 was caused
by the high concentration of Rubus fruticosus and Rubus idaeus stones.
Without considering this subsample, the systematic differences be-
tween sievers were still quite substantial. In three out of four samples,
siever 1 had a considerably lower concentration of robust small taxa
than the other sievers while siever 3 had the highest values in all
cases. However, no unsystematic differences between the samples of
the different sievers could be detected, except that siever 1 had a differ-
ent ranking of samples.
Only very few robust large remains could be found in the siever-B-
samples (Fig. 10A). The range around the average concentration obtained
in different subsamples was 66% (see Table B.2), while the bigger differ-
encesweremainly caused by sample 7, with two out of three subsamples
containing no robust large remains. The differences between the sievers
for this type of remains were not very big.
Robust small remainswere well-represented in all siever-B-samples
(Fig. 10B). On average only 11% of variance between subsamples could
be detected (see Table B.2). The differences between sievers were small.
3.5. Concentration of fragile seed and fruit remains
Concerning the concentration of fragile large remains in siever-A-
samples (Fig. 11A), the range around the average concentration was
34% (see Table B.3). The concentrations of fragile large remains between
sievers were similar. In samples 1 and 2, siever 1 had lower concentra-
tions in her/his subsamples, and in all but sample 4, siever 3 also had
lower values than sievers 2 and 4.
Regarding the concentrations of fragile small remains (Fig. 11B), the
range around the average concentration obtained in the different
subsamples was 55% (see Table B.3). There seemed to be a considerable
systematic difference between sievers. Siever 1 always had the lowest
concentrations in his/her subsamples. However, unsystematic differ-
ences were not present.
The concentration of fragile large remainswas similar in all siever-B-
samples (Fig. 12A). The range around the average concentration obtain-
ed in different subsamples was 57% (see Table B.4). Sample 7 presented
the largest percentages for large items, like with robust remains.
Differences between sievers were not very pronounced. The ranking
of the samples of different sievers was sometimes different.
Sample 7 had the highest concentration of fragile small remains,
but the other two samples had concentrations almost as high
(Fig. 12B). The range around the average concentration obtained
in the different subsamples was 30% (see Table B.4). Differences
between sievers were not very distinct, but the ranking of samples
differed in some cases.
3.6. Comparison of proportions of the best-represented taxa
In siever-A-samples, 8 types of remains had a proportion of≥10% in
at least one of the subsamples (Table 5). According to the work of Veen
van der and Fieller (1982), the proportions obtained for each of these
types of remains in each subsample should have an accuracy of ±5%.
We compared the results obtained in each subsample with a mean
percentage between all of them in order to look for systematic inconsis-
tencies that could have been produced by the sievers. Sievers 1 and 2
had extreme values in more cases (Table 5). Siever 3 had a very high
concentration of R. idaeus in sample 1, in exchange low concentrations
of most of the remaining materials were found. Siever 4 had less
extreme values. All things considered, the proportions of the different
sievers were more or less comparable with a few exceptions (shaded
in grey in Table 5).
In siever-B-samples, 9 types of remains (partly different ones
than in the A-samples) had a proportion of≥10% in any of the sam-
ples (Table 6). The proportions of the different sievers were similar
in siever-B-samples and the most frequently occurring species
were the same in most subsamples.
Fig. 7. Number of taxa in all siever-B-samples and in total.
Fig. 8. Number of A) large- and B) small-seeded taxa in all siever-B-samples and in total.




4.1. Differences intermingling with the effects of sievers
Even though it is not the aimof this paper to discuss the subsampling
methods that have been used, it is important to give some hints to the
differences between subsamples that have been observed and that not
necessarily depend on the action of the sievers. This mainly concerns
large-sized and robust remains in the A- and B-samples, and also
small-sized robust remains in B-samples, which should not be deeply
affected by the process of sieving.
The differences in robust large-seeded taxawithin A- and B-samples
were low in terms of number of taxa (6 or less taxa of difference
between subsamples, see Section 3.4). However, differences of concen-
tration values were also present, and these are most likely caused by
differences in the contents of the subsamples and are not related to
the sievingmethod, as these types of remains are very resistant to dam-
age (Hosch and Zibulski, 2003; Tolar et al., 2009). One example for this
is the case of siever 3 in sample 1, where much higher concentration
valueswere observed only for this particular subsample. The differences
were mainly caused by the signiﬁcant presence of fruits of Rubus, possi-
bly representing a cluster in this subsample, and may not be related to
the sieving method. Maybe a coprolite was recorded in this sample, as
clusters of Rubus may point to the presence of human faeces (Maier,
2001). So there must have been some variations of small-seeded taxa
within the samples due to subsampling as well. Therefore, a relatively
largemargin of error of 63–66% in the concentration should be assumed
for this category of remains if subsampling of samples of c. 1 l of
sediment out of larger samples from clumpywetland deposits is carried
out in the laboratory. In the smaller B-samples, differences in robust
small-seeded taxa could also have been heavily inﬂuenced by the sub-
sampling strategy. Here, a margin of error of at least 11% should be
assumed when taking subsamples. Some unsystematic differences
between sievers in the B-samples could also be explained by the sub-
sampling. So, we clearly see that at least a part of the variation in con-
centrations is caused by the extremely patchy nature of anthropogenic
wetland deposits, whichmakes the splitting of the samples in a statisti-
cally appropriateway almost impossible. Such differences should not be
interpreted as differences between sievers, and this is especially the
case for large remains.
All in all, it seems to be impossible to representatively subsample
clumpy sediments before they have been sieved even when effort to
breaking up clumps is made (which should be avoided as this could
also damage larger fragile remains). This problem could probably be
avoided by taking subsamples after the sieving process of the whole
sample of several litres; however, this would be a time-consuming
method and therefore not practicable in daily work. Another solution
would be to take larger subsamples (at least 3 l (classical volume) for
A-samples, as recommended by Hosch and Jacomet (2001)). The latter
was in fact done for most of our A-samples as the average volume of
the A-samples was around 3.84 l out of up to 7.2 l.
The sediment type of the samples also inﬂuenced concentration
values of certain remains. Organic samples containing only loam tended
to have lower margins of error in the concentrations of seeds and fruits.
At the same time, these types of samples also had lower concentrations
of remains compared especially to the mainly organic ones (excluding
Fig. 9. Concentration (r/l) of robust A) large and B) small seed and fruit remains in all
siever-A-samples.
Fig. 10. Concentration (r/l) of robust A) large and B) small seed and fruit remains in all
siever-B-samples.
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one strongly organic sample containing dung, which had rather low
concentrations). Strongly organic samples usually had the widest
botanical diversity. One could speculate that loamy samples had
less clumps of organic remains that might result in subsamples of
different compositions. Therefore, organic samples might be more
prone to produce unreliable subsamples due to the uncontrollable
presence of concentrations of particular taxa. This is more obvious
with large-seeded items, while small seeded items tend to be more
equally represented in all sediment types, at least in terms of
proportions. There may, however, be exceptions (especially Rubus
seeds or ﬂax remains).
The remaining differences in the concentration of robust as well as
fragile small-seeded taxa in A-samples could have been caused mainly
by the sieving technique and will be discussed below.
4.2. Differences between the sievers
4.2.1. A-samples
The differences between sievers were mainly of a systematic nature
and can be explained by how the sievers treated their samples.
Siever 1 had a lower concentration of botanical macroremains in all
her/his subsamples and in three out of four cases also a lower number of
taxa. However, when taxa were separated into large- and small-seeded
ones, it became clear that large-seeded taxawere aswell-represented in
subsamples of siever 1 as in subsamples of the other sievers and only
small-seeded taxa were under-represented. It is then evident that it
was the action of the siever which eliminated most of the small-sized
remains in the fractions ≥2 mm. Fragile remains like cereal chaff or
ﬂax seedswere underrepresented in some subsamples. His/her samples
were mostly clean.
Siever 2 had an overall high concentration of botanical macroremains
as well as a high number of taxa in her/his samples. However, the differ-
ences in the number of taxa were sometimes based on the presence of
very small-seeded taxa, which are usually found in the smallest fraction
(0.35 mm) only. This siever also often had the highest concentrations of
fragile small remains. But there were no such differences for robust
small-seeded taxa or for large-seeded taxa. The fractions of siever 2
were always described as cloudy. Therefore, it seems that siever 2 was
very careful, but did not always clean the samples thoroughly and, as a
result, more plant remains were found, especially those which were not
meant to be found in the 2 mm-fraction due to their smaller size.
Siever 3 had similar results to siever 2, with the concentration and
number of taxa usually being slightly lower on average and the concen-
tration of small-seeded robust taxa being especially high in all samples,
not just sample 1 where a cluster must have been hit. Unlike siever 2,
the sieving fractions of siever 3weremostly clean and proportions rare-
ly deviated more than 5% from the average value per sample.
Siever 4 had all classes of remains well-represented. The concentra-
tion of remains and the number of taxa in her/his samples were compa-
rable to those of sievers 2 and 3. The sieving fractionswere always clean,
even for sample 4, when the rest of the sievers produced partly “dirty”
fractions (maybe for this reason the results of this siever for this partic-
ular sample were worse than for the rest). Like for siever 3, this siever
also rarely produced proportions that deviated more than 5% from the
average value per sample.
Fragile classes of material and fragile large remains were still well-
represented in most subsamples of all sievers, meaning that the differ-
ences that were clearly present did not affect the quality of the sieving
except concerning the small remains.
4.2.2. B-samples
In the B-samples, the results were much more balanced. Siever 1
now had results which were much more comparable to the other
two sievers, especially concerning the small remains. No general
trends could be detected anymore and differences between subsam-
ples could not be attributed to differences between sievers. Even the
proportions of well-represented taxa only rarely deviatedmore than
5%. Of course the fact that only three instead of four sievers were
compared could have had an impact on the results, but probably
not such a strong one, as there were other important factors. One
of these could be the growing experience of the sievers. The study
for B-samples was done almost a year after the one for A-samples
and sievers were given a detailed feedback after the ﬁrst inter-
siever-variability study. Another very important factor was the frac-
tion size. In B-samples, less small remains could get lost due to the
smaller mesh size of the sieves. It seemed like the sieving process
of different operators could be more or less consistent if at least a
part of the samples was sieved to a small fraction of 0.35 mm or less.
A potential source for inconsistency could then still be the re-
mains which end up in different fractions depending on the sievers
(e.g. Linum usitatissimum seeds partly being in the 2mm-fraction in
one siever's subsample while fully being in the 0.35 mm-fraction in
another siever's subsample). If a fraction is only partly analysed
and a factor of extrapolation has to be used to calculate the concen-
tration in one or more fractions, numbers could vary depending on
the siever. In the B-samples, the large (≥2 mm) fraction is always
fully analysed whereas from the 0.35 mm-fraction, only a rather
small subsample (around 10–15 ml) is analysed for reaching the
target population (see Table 4). As a result, values are higher in
subsamples of the siever whose remains tend to end up in the
0.35 mm-fraction. We roughly checked the consequences of such
effects. There were indeed differences between sievers, even
though they were generally not very pronounced (see Table 7 for
some examples). Siever 1 had more medium-sized remains in
Fig. 11.Concentration (r/l) of fragile A) large and B) small seed and fruit remains in all sub-
samples of the siever-A-samples.
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the 0.35 mm-fraction of his/her B-samples, e.g. Najas marina/
intermedia and L. usitatissimum seeds, but also larger-sized remains
like larger fragments of Corylus avellana shells and Malus/Pyrus
pericarps, while it was exactly the other way around for siever 3.
The results for siever 4 were somewhere in between. Detailed feed-
back for the sievers should help to avoid this problem, but one
should be aware of it when using an extrapolation factor.
4.3. Practical implications of the results
4.3.1. Advice for other projects with multiple sieving operators
It is important to be aware of the fact that large differences in the
overall concentration of archaeobotanical remains can arise from the
sieving method or other factors like subsampling, and to understand
why. Exact details about the sieving process should be given for every
project and one should be very careful when comparing results from
different sites.
In our case study, all sievers were instructed in the same way and
worked at the same place. Nevertheless, the presented results show,
in some occasions, considerable differences. By testing the results on
one or more samples like in this paper, potential differences can be
seen and a detailed feedback to the different sievers can be given,
which can help to adjust the techniques further, as observed in the
subsequent second inter-siever-variability study of B-samples. In any
project which requires the work of several sievers, such a short study
should be done in the beginning of the project in order to be able to
give according feedback, which can help to reduce the differences
between sievers. It is unlikely that differences can be removed
completely, but as long as they are mainly systematic, it is no disadvan-
tage to have several sievers in one project. To minimize the impact of
the remaining differences on the results of any investigation, it would
be wise to randomize the sievers over the samples of a site. In any
case, the impact can be reduced by taking siever effects into
Fig. 12. Concentration (r/l) of fragile A) large and B) small seed and fruit remains in all
siever-B-samples.
Table 5
Remains from siever-A-sampleswhich had a proportion of≥10% in any of the examined subsamples (all values are given in % based on concentration values, values of N5% above or below
the average are marked in grey, subsamples where the target population had not been reached are marked with an asterisk).


































10.11 5.54 1.61 8.36 6.41 10.19 3.32 5.69 5.91 6.28 0.00 3.43 7.04 2.25 3.18 8.60 5.57 5.81 19.38 9.84
8.21 12.40 8.07 13.52 10.55 38.33 56.60 45.79 45.30 46.50 12.29 13.21 17.06 19.90 15.62 19.90 45.09 33.03 24.11 30.53
0.00 7.12 2.73 0.00 2.46 19.57 7.80 16.21 12.77 14.09 12.29 4.19 5.16 8.65 7.57 15.23 10.34 9.08 12.77 11.86
2.53 7.74 8.57 6.88 6.43 4.89 9.02 9.16 9.04 8.03 6.70 20.97 17.53 10.04 13.81 6.39 9.28 9.80 5.20 7.67
8.69 7.92 3.60 10.66 7.72 8.56 6.68 10.15 10.25 8.91 12.29 8.90 2.97 6.58 7.68 5.16 2.92 3.99 5.67 4.44
3.32 3.69 1.74 2.46 2.80 2.04 1.32 0.87 0.71 1.23 15.64 7.37 4.70 6.75 8.61 2.95 1.33 1.81 2.60 2.17
35.23 30.08 10.59 30.98 26.72 5.30 3.36 1.98 3.46 3.52 18.99 8.13 14.09 18.17 14.84 9.58 3.85 7.44 9.69 7.64
0.16 1.85 25.09 1.72 7.20 0.10 0.79 1.73 1.38 1.00 0.00 0.13 0.31 0.00 0.11 4.42 2.39 6.53 0.00 3.34
Table 6
Remains from siever-B-samples which had a proportion of ≥10% in any of the examined
B-samples (all values are given in % based on concentration values, values of N5% above
and below the average are marked in grey, the subsamples where the target population
had not been reached are marked with an asterisk).




















2.94 2.77 1.68 2.47 6.49 0.00 5.67 4.05 10.50 14.68 0.17 8.45
1.60 0.06 2.21 1.29 1.17 0.00 1.80 0.99 11.20 9.01 13.67 11.29
4.33 2.70 7.75 4.93 4.76 3.52 8.12 5.46 11.55 13.59 15.29 13.48
0.00 0.02 1.01 0.34 1.82 0.00 0.13 0.65 10.22 4.02 4.02 6.08
2.13 0.00 1.85 1.33 13.23 0.00 5.41 6.21 0.42 3.91 8.43 4.25
2.96 3.01 4.38 3.45 16.69 18.69 17.14 17.51 7.21 9.37 9.04 8.54
6.56 5.36 5.75 5.89 26.11 36.47 34.66 32.41 14.70 13.18 17.17 15.01
38.78 47.51 38.76 41.68 21.18 23.67 21.95 22.27 21.41 17.66 17.86 18.98
10.63 8.32 9.26 9.41 0.13 0.00 0.00 0.04 0.35 2.99 0.00 1.11
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account in the statistical analysis, e.g. by adding “siever” as an ad-
ditional factor in an ANOVA.
Whereas inter-siever-variation-studies and corresponding training
can minimize siever differences within a study, they do not directly
solve the problem of comparability across different investigations. This
can only be achieved by establishing international standards and
cross-investigation siever training.
4.3.2. What can be done to make the results of A-samples comparable?
The differences in the sieving techniques render a direct comparison
of the results of all sievers for smaller-seeded taxa in A-samples impos-
sible. This is not very problematic as the main goal of analysing the A-
samples was to record the presence of large-seeded taxa anyway. As a
result, it was decided to only fully quantify larger-seeded (N2 mm) re-
mains and semi-quantify smaller remains. An overview of the changes
applied after this inter-siever-variability study can be seen in Table 8
(as compared to the initial methods listed in Table 1). We propose the
use of these or similar guidelines, especially if time is a limiting factor
in the analyses of samples and the target population cannot always be
reached. In our opinion, it is still reasonable to count remains instead
of only doing a rough semi-quantiﬁcation. However, it has to be
controlled which remains are recorded.
5. Conclusion
After carrying out an inter-siever-variability study, some systematic
and unsystematic differences were observed. Unsystematic differences
(e.g. a concentration of nutlets of R. fruticosus in one of the subsamples)
might be the result of the impossibility to produce equal subsamples
from clumpy organic sediments with good preservation of uncharred
material as well as dung. Nevertheless, the identiﬁcation of systematic
differences (lower concentration of small-seeded fragile taxa in several
subsamples of the same siever) indicated differences in the technique
of different sieving operators. These differences weremore pronounced
in the ﬁrst phase of the study (A-samples, only sieved with 8 mm
and 2 mm mesh sizes). One siever used a different method; almost
all concretions in his/her subsamples were loosened carefully but
completely, resulting in a lower concentration of small-seeded botanical
macroremains and a lower number of taxa in the 2 mm-fraction, but
fragile large-seeded remains were still present and the samples were
clear and easy to sort. The other sievers did not always loosen
concretions completely and therefore had a higher concentration of
small-seeded botanical macroremains and a higher number of taxa in
the 2 mm-fraction. This result shows that small-seeded taxa in the
2 mm-fraction of A-samples cannot be compared directly and one
should use strict guidelines about the quantiﬁcation in this fraction
(see Table 8). However, in the second phase of the study (B-samples,
sieved with 2 mm and 0.35 mm mesh size), these problems were not
very relevant anymore, as most small remains are retained.
It should be noted that large unsystematic differenceswere rare, and
could often be explained by external factors not related to the siever.
Hence there is no evidence that different sievers would obtain different
results beyond quantitative differences. For example, the ranking of the
samples were often rather stable between different sievers, in spite of
distinct quantitative differences.
With a detailed instruction and feedback to the sievers and guide-
lines for the quantiﬁcation of remains in the different fractions, the
wash-over sieving process is a reliable method to extract botanical
Table 7
Total number of items in the different fractions of B-samples after extrapolation, showing only the results of four medium-sized remains.
Sample 5 Sample 6 Sample 7
Siever Siever 1 Siever 3 Siever 4 Siever 1 Siever 3 Siever 4 Siever 1 Siever 3 Siever 4
Fraction (mm) 2 0.35 2 0.35 2 0.35 2 0.35 2 0.35 2 0.35 2 0.35 2 0.35 2 0.35
Linum usitatissimum seeds 1 180 21 135 0 182 6 380 66 343 3 396 1 124 7 175 11 196
Triticum dicoccon chaff 5 260 14 126 7 315 0 110 21 56 3 186 3 197 1 263 16 334
Malus/Pyrus pericarp 8 4 18 0 3 0 4 1 4 1 3 1 2 0 0 0 2 0
Najas marina/intermedia seeds 5 80 71 2 45 98 3 0 2 1 1 0 1 0 3 0 0 1
Table 8
Guidelines for the recording of botanical macroremains currently used in the analysis of Parkhaus Opéra for A-samples (≥2 mm).
Taxa/type of remain State of
preservation
Counting unit Quantiﬁcation
2 mm 0.35 mm
Cereal grains Charred With embryo Full Full
Cereal bran Waterlogged N2 mm with hilum Full Full
Cereal chaff Waterlogged and charred Glume bases (glume wheat)
or rachis segments (naked
wheat and barley)
Semi; quantiﬁcation
of the proportion of whole





Waterlogged and charred ≥2 Capsule fragments,
with apex










Waterlogged and charred Whole seeds or halves p/a Full
Amorphous charred objects Charred N5 mm Full Full





Corylus/Fagus/Quercus Waterlogged and charred 5 × 5 mm Full Full
Malus/Pyrus pericarp Waterlogged and charred 3 × 4 mm Full Full
Large seeds/fruits Waterlogged and charred Whole or N1/2 Full Full




Smaller seeds/fruits Waterlogged and charred Whole or N1/2 p/a Full
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macroremains from archaeological wetland-samples even if different
operators work on the same site. However, a considerable margin of
error (on average 50% for large items and 20% for small items) due to
different factors should always be taken into account when evaluating
the concentration of plant remains in samples, and only clearly large
differences should be interpreted in palaeoeconomic terms.
We conclude that the sieving method must always be clearly stated
in archaeobotanical works and that a study similar to ours should be
done ifmultiple sieverswork on the same project (otherwise, awarning
remark should be expressed).
Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.jasrep.2015.02.012.
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For the archaeobotanical analysis of waterlogged sediments, which are usually very rich in organic remains, sub-
sampling is often necessary. Subsampling strategies for this kind of material are mostly based on non-empirical
experience and have rarely been tested. In this paper, we compare results from small-volume subsamples with
those from the large-volume residue of the master sample subsamples were drawn from. The extra-variability
caused by lumpiness of the unprocessed waterlogged sediment was quantiﬁed in order to ﬁnd out how much
the necessary sample sizes need to increase for this type of sediment.
We found that subsampling of unprocessed waterlogged material in general should only be done if it is indis-
pensable, as it can introduce a bias. We propose methods to adapt sample sizes based on random sampling for
unprocessed waterlogged sediment (where random sampling is impossible) so that the proportions or also the
diversity of plant species can be estimated with sufﬁcient precision in these sediments. However, it would be
best to use an appropriate sieving method ﬁrst and then subsample the processed residues of the material. We
also think that it is important to clearly present the methods used for subsampling in publications and that
more detailed tests about subsampling should be performed.








Sampling is essential in all research ﬁelds. It is widely recognized
that it is not necessary (or efﬁcient) to study the totality of reality in
order to have a reliably quantiﬁed expression of it. This is also the case
in archaeology, and particularly in archaeobotany, given that the recov-
ery of the true totality of plant remains found in an archaeological site is
not possible formultiple reasons (startingwith the limitations of the ar-
chaeological method and the diverse nature of archaeological sites, and
endingwith the fact that not all plant remains survive in an identiﬁable
form). There is a consensus that samples should be representative of the
target population,which in our case equals the sampled population (re-
mains which survived the time since they were embedded in the soil
(after Orton, 2000, pp. 16–18; see more precise deﬁnitions for
archaeobotanical remains in van der Veen, 1985, p. 167)). Two issues
are of basic importance: the sampling (extraction of sediment samples
at an excavation) and subsampling (extraction of a part of a sediment
sample or of a sieved fraction of a sample for analysis) techniques and
the sample size (the number of items to be studied per sample).
1.1. Sampling techniques in archaeobotany, with an emphasis on wetland
sites
The main objectives of the archaeobotanical sampling of an archae-
ological site are (after Orton, 2000, pp. 150) (1) to estimate the propor-
tions of various plant species in the sampled population (which can be
deﬁned at the scale of the site, a feature or a stratigraphic unit) with a
chosen level of precision (see also van der Veen and Fieller, 1982) and
(2) to assess the number of different species in this population, and
hence the botanical diversity in the chosen unit of analysis. Sampling
should be performed so that each element of the population has an
equal opportunity to be included in a study and we should have an
idea of how accurate this is likely to be the case (Orton, 2000, pp. 8,
15, 20; van der Veen, 1985, p. 166). There is plenty of literature writ-
ten on sampling sites, particularly after the introduction of large-
scale sieving methods developed from the 1960s onwards (see
Orton, 2000, pp. 5–6, for history of research). Valuable results are ob-
tained by different procedures, mainly by probabilistic (e.g. random)
and interval (systematic) sampling (we cite here some relevant
overviews like van der Veen and Fieller, 1982; van der Veen, 1985;
Jones, 1991; Lennstrom and Hastorf, 1992, 1995; more recently
Buxó and Piqué, 2003; Reitz and Shackley, 2012; D'Alpoim Guedes
and Spengler, 2014; Pearsall, 2015).
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In this paper, we deal exclusively with waterlogged deposits. It is
usually thought that waterlogged samples, with their richness of plant
taxa and their high concentration of excellently preserved remains
(N95% in subfossil, uncharred state), constitute a blessing for
archaeobotanists. However, in some aspects, they can also be a curse be-
cause their recovery and analysis are extremely laborious. Different
sampling attempts were described speciﬁcally for prehistoric lakeshore
settlements with waterlogged preservation, taking into account factors
like a huge richness in plantmacroremains (for an overview see Jacomet
and Brombacher, 2005; see also Kenward and Hall, 1995; Hall and
Kenward, 1990), and relying on the general knowledge about sampling
(see literature cited in the previous paragraph).
From previous research with large-volume surface samples in wet-
land sites, we know the following: Firstly, Hosch and Jacomet (2001,
pp. 62, 66) deﬁned a grid of quadrants and took surface samples from
randomly and systematically chosen quadrants of this grid in the lake-
shore settlement Arbon Bleiche 3. For most of the taxa considered, the
proportions calculated on the basis of these two different sampling
methods yielded no signiﬁcant differences (ﬁg. 6 in Hosch and
Jacomet, 2001, p. 166). Djindjian (1991, pp. 52–60) described the
same result for other archaeological ﬁnds thatwere selectedwith corre-
sponding sampling strategies. This showed that both strategies were
adequate for sampling waterlogged cultural layers. Secondly, it was de-
tected that in order to record large-seeded plant macroremains
(N2 mm) in a representative manner, large-volume samples of around
3 l are needed (Hosch and Jacomet, 2001; Hosch and Jacomet, 2004;
Jacomet, 2013; see also Antolín et al., 2017b).
During our work with (a very large amount of) waterlogged surface
samples over the last years, the question arose if there is a possibility to
combine large- and small-volume samples in one. This could be done
e.g. by subsampling larger samples (if a surface sampling strategy is ap-
plied) in order to study the N2mm-fraction (where large-sized remains
can be found) of a larger volume of sediment and the 0.35 mm-fraction
of a much smaller volume of sediment. A subsample of the 0.35 mm-
fraction should be representative of the whole sample in regard to
small-sized remains (see also Antolín et al., 2017b). The important
goal of such a (sub-)sampling strategy was to keep the resulting work-
load down to a manageable volume. This allows not only to reduce the
sorting time, but also the sieving time, which is a laborious task for
large-volume samples of waterlogged sediments containing large
amounts of (often very fragile) plant remains (thewash-over technique
is the only choice for recovering fragile organic remains, see Hosch and
Zibulski, 2003). Much of the sampling theory also focuses on obtaining
the best possible estimates for a given input of time and money
(Cochran, 1977, pp. 1–2; Orton, 2000, p. 18).
1.2. Subsampling techniques in archaeobotany, with an emphasis on wet-
land sites
The subsampling of samples or sieving fractions must also be per-
formed in a way which ensures the presence of representative propor-
tions of the different species and the botanical diversity. The
representativeness of a subsample is of crucial importance for the inter-
pretation of the archaeological record (as already stated by vanderVeen
and Fieller, 1982), and inadequate subsampling strategies might intro-
duce biases into the results, which could then render inter-site compar-
isons of environmental and economic evaluations impossible (e.g. Limp,
1974; Schaaf, 1981). Therefore, one has to follow a rigorous methodol-
ogy that must be deﬁned in advance. Despite the fact that sampling
sites or features for archaeobotanical remainswere very often discussed
in the literature (see citations above), this is most surprisingly not the
case for subsampling. This situation might be due to the fact that wet-
land sites are more rarely excavated and sampled than dryland sites
or that the high amounts of remains recovered (in comparison to dry
sites) give a sense of conﬁdence to researchers who realise that the re-
sults obtained give new information in any case, no matter what the
quality of the information. Another reason for this may be that the sci-
entiﬁc community thinks that the problems of subsampling have been
solved since van der Veen and Fieller discussed this topic in 1982 (and
then van der Veen in 1985). They tested several different subsampling
methods: the spoon, the rifﬂe-box and the grid method, the latter two
randomised. They found that the spoon method showed a deviation
from randomness, while the other two methods seemed reliable, but
they also stated that the grid method needed to be tested further due
to its higher susceptibility to bias (see also Pearsall, 2015, p. 105).
They recommended the rifﬂe-box method. However, the authors did
not subsample unprocessed sediment, but a large concentration of
loose carbonized material (with an addition of modern seeds), which
is a very common sieving residue in everyday archaeobotanical work
but completely different in handling from waterlogged, unprocessed
sediment.
Another reason for a lack of discussion of this topic for wetlands
might be that we are dealing mostly with rescue (or commercialised)
archaeology where there is usually no time to perform such tests. How-
ever, there were early attempts to systematize sampling to some de-
gree. For instance, from the 70s onwards, large, complex waterlogged
sites with an enormous number of contexts were excavated in York
(see Dobney et al., 1992; Hall and Kenward, 1990; Kenward and Hall,
1995, p. 451). There, GBA (general biological analysis)-samples with a
weight of 5–10 kg were introduced, which were subdivided into sub-
samples for insect, plant, small bone, parasite etc. analyses (Hall and
Kenward, 1990, p. 94). However, nothing was written about the way
the GBA-samples were subsampled. Kenward et al. (1985) mentioned
only once (on p. 166) “one possible solution to overcome the sample
heterogeneity is tomix thematerial in the bag – at risk of damage to fos-
sils”. They alsowrote onp. 171 that theywere focusing on (amongother
aspects) “homogeneising bagfulls of sample before subsampling”. Reitz
and Shackley (2012, p. 93) warned that “with careful coordination, it is
possible for labs to draw subsamples from a master sample, but each
time the container is handled, opened, or shipped, the probability of
contamination, damage, and loss increases.” A solution for this problem
was, however, not presented.
A basic challenge in generating representative subsamples of re-
mains lies in the lumpy nature of the sediment samples. We can picture
such a sediment sample as a patchy collection of lumps varying in size,
shape and composition (e.g. loamy aggregates or excrements rich in
berry seeds, e.g. Maier, 2001). Subsampling can only be performed at
the level of such lumps, even if we may perform some type of prepara-
tion to divide lumps into smaller lumps. Size, shape and composition of
the lumps may be associated with the composition of remains (for ex-
ample, we may ﬁnd some types of remains typically in large (loam)
lumps, and othersmainly as single pieces). Consequently, unbiasedness
of the sampled remains requires subsampling from the sediment sam-
ple in a way that does not prefer lumps of a certain size, shape or com-
position. At the same time, it means that any sampling based on lumpy
sediment makes it difﬁcult to get close to a random sample, which
would require picking up single remains independently from each
other. As a result, we have to expect a larger sampling variability than
in the case of a random sample.
As van der Veen (1985, p. 167) admits, the use of a rifﬂe-box to sub-
sample sediments (or even whole features) is not a realistic option
when sediments are not loose. The second challenge in generating sub-
samples in a lumpy sediment therefore lies in the need to do it “manu-
ally”, i.e. by a way involving unintentional subjective decisions about
which lumps to include in the sample. This implies the danger to per-
form a selection depending on size/shape/composition of the lumps,
i.e. of introducing bias. Also usingmechanical tools as part of the process
(e.g. a spoon) may imply a preference of lumps of a certain size, shape
and/or composition.
As it is not possible to homogenize waterlogged sediment samples
mechanically before sieving, as this would destroy some remains due
to their fragile structure, we need some type of subsampling procedure
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for waterlogged sediment samples which generates samples of remains
with good statistical properties. These properties are ﬁrstly unbiased-
ness (or representativeness) in the sense that the composition of the
subsample with respect to different remains is expected to be the
same as in the remains from the whole sample, and secondly low sam-
pling variability, i.e. different subsamples should be as similar as possi-
ble, and as close as possible to a true random sample. Both aims are
challenging.
Until today, to our knowledge no tests dealingwith the subsampling
of waterlogged sediments were published which discuss problems con-
nected to the procedure and deﬁne appropriate subsample volumes
containing the required number of remains to be counted for both
aims mentioned above, despite the recommendation by Schaaf (1981)
to always include a detailed description of the recovery techniques
used in archaeobotanical research and the one by Reitz and Shackley
(2012, p. 89) to conduct site-speciﬁc subsampling experiments. There
is also no standardizedmethod for subsamplingwaterlogged sediments
across Europe so far.
1.3. Sample size in archaeobotanical research of wetland sites
In our practical archaeobotanical work with waterlogged samples,
the sample size, which is the number of remains to be studied per sam-
ple, is a very important parameter. In waterlogged sediments, there is
not only a huge quantity of preserved organic remains incl. seeds,
chaff etc. (often more than 10,000 remains per litre of sediment; e.g.
Antolín et al., 2017a; Zibulski, 2010), but also a very high diversity of
plant taxa (usually far over 40 taxa per sample, see below, or e.g. also
Antolín et al., 2017a; Hosch and Jacomet, 2004). This makes it difﬁcult
1) to be sure to have all taxa recorded in the sample (this is hardly
ever a problem in dry sites) and 2) to have rare taxa represented in pro-
portions that ﬁt our expectations of accuracy. The richness of such sam-
ples faces us immediately with the second important aim of
archaeobotanical sampling mentioned above, to assess the diversity in
a statistically sound way — a unique opportunity we only have with
such well preserved materials.
The most important reference work done on sample size in
archaeobotany is that of van der Veen and Fieller (1982). Their formula
and tables (1982, table 4 or p. 295) can be used by archaeobotanists as
guidelines. They show the amount of remains that have to be counted
for reconstructing the proportion of the most important taxon (with a
true proportion of at least 10%; a proportion of 50% is considered to be
the worst-case scenario) in a site, a feature or a sample with a given ac-
curacy, assuming that the proportion of the remaining taxa will most
probably be calculated with an acceptable accuracy, except for “one or
two taxa”, as the authors mention. The authors do not consider having
samples with dozens of taxa of proportions well below 10% of the
total of the sample (this threshold of a proportion below 10% is used
to deﬁne “rare items”, e.g. Cochran, 1977, p. 77). A step in this direction
is given by the work of Thompson (1987), who considers the aim to es-
timate several proportions with a desirable overall precision simulta-
neously. Whereas van der Veen and Fieller (1982) demonstrated that
a sample size of 384 is sufﬁcient to ensure that a single proportion is es-
timated with a deviation of maximally 5% points from the truth with
95% probability, Thompson (1987) found a necessary sample size of
510 to ensure this probability to hold simultaneously for all estimated
proportions. This is an increase of almost 25% of the sample size. How-
ever, it should be noted that these numbers refer to absolute deviations.
Considering proportions of varyingmagnitude simultaneously, it would
be more relevant to control the relative deviation, i.e. a percentage of
the true value. However, Thompson (1987) already pointed out that
in this case “no sample size will be sufﬁcient for all possible parameter
values, since the necessary size increases without bound as any of the
parameters approach zero”.
The formulas of van der Veen and Fieller (1982) and Thompson
(1987) also assume a random subsampling, which is not possible in
unprocessed waterlogged sediments due to their lumpiness mentioned
in the sections above. This consequently leads to a larger sample size in
order to reach the same accuracy. This extra amount can be determined,
if the degree of lumpiness is known. To our knowledge, there is no study
investigating this degree of lumpiness, and hence this will be
approached in our investigations.
The lack of knowledge about the number of seeds in an unprocessed
sample implies a practical problem to apply sample size formulas for
waterlogged material. The natural solution is a sequential approach,
i.e. to analyse an additional part of the sample if the ﬁrst subsample
was not rich enough. This strategy was actually applied in one part of
our study.
1.4. Scope and aims of the paper
Based on the problematic issues delineated above the main aims of
our paper were:
1) To assess the comparability of small-volume subsamples with the
master sample they are drawn from by comparison with the large-
volume residue of the same master sample.
2) To quantify the extra variability caused by subsampling from lumpy
material compared to drawing a random sample.
3) To discuss the necessary sample sizes for waterlogged sediments
based on combining formulas for random samples with the results
of 2) as well as studying the stability of the observed diversity in a
cumulative manner.
This paper will therefore provide valuable insights into the prob-
lematic of subsampling of unprocessed waterlogged sediments for
the ﬁrst time and will end with a recommendation if subsampling
of such sediments should be done at all (aim 4). It is therefore an im-
portant supplement to the subsampling considerations published by
van der Veen and Fieller (1982), and tries to contribute to setting up
a standard methodology for the subsampling of waterlogged sedi-
ments in archaeobotany.
2. Material and methods
Our study site was the Late Neolithic lake dwelling site Zürich-
Parkhaus Opéra (Zürich, Switzerland), which was excavated in 2010
(Bleicher and Harb, 2015). The main cultural layer which was analysed
was layer 13 (phase 3), which is dendrodated to themiddle Horgen cul-
ture (ca. 3176 to 3153 BC; Bleicher and Harb, 2015). The sediment of
this cultural layer consisted mostly of strongly organic sediments,
oftenmixedwith some loam, sand and lakemarl (Fig. 1). It was a rather
thin deposit (max. 32 cm), and so a surface sampling strategy (instead
of a proﬁle sampling strategy) was applied.
During the excavation, large-volume surface samples (4.5–7 l) were
taken from quadrants in regular intervals (every second m2, in a sys-
tematic way), so that the whole excavation surface was covered by a
dense network of samples (nearly what in other publications is called
blanket (Pearsall, 2015, p. 74) or total (Jones, 1991, p. 57) sampling).
For the evaluation, we assigned samples to meaningful subgroups like
houses, rubbish heaps, lower/intermediate/upper part of the layer,
etc., so a stratiﬁed sampling strategy was performed (in a statistical
sense after Orton, 2000; for details see Antolín et al., 2017a). Archaeol-
ogists were instructed to collect each surface sample as a so-called scat-
ter sample (or pinch or composite sample; e.g. Pearsall, 2015, p. 76;
Reitz and Shackley, 2012, pp. 87; Lennstrom and Hastorf, 1992); by tak-
ing small amounts (pinches) of matrix from several places in a square
meter and combining these into a single sample bucket.
The goal of this sampling strategywas to record intra-site patterning
(N20 houses were excavated, see Fig. 1). Following previous research
(see Section 1.1; Hosch and Jacomet, 2001, 2004), we decided to sieve
and analyse more than 250 large-volume samples in order to record
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large-seeded taxa in a representative way for as many houses as possi-
ble (Antolín et al., 2017a, see also e.g. Leuzinger and Jacomet, 2004).
Since the cost of sieving this large amount of sediment (ca. 1000 l)
with the wash-over method down to 0.35 mm-fraction would have
been too high, we decided to apply subsampling before sieving, as sug-
gested in former studies (Hosch and Jacomet, 2004). It was decided to
take fromevery sample a small-volume subsample of 0.3 l (the so-called
B-subsample). This subsamplewas sievedwith twomesh sizes (namely
N2 mm and 0.35 mm) in order to analyse the smallest fraction (around
120 of these B-subsamples were analysed for the evaluation of the site,
so approx. half of the master samples were not sieved down to 0.35
mm-fraction, hence saving a considerable amount of time). The remain-
ing sediment of several litreswas considered a large-volume subsample
(the so-called A-sample) and was sieved only with a large mesh size
(N2 mm).
For this case study, we chose two of the surface samples from
layer 13 (henceforth called sample 1 (s1) and sample 2 (s2)); for
their location in the settlement see Fig. 1. The two samples were
strongly organic and very lumpy. The sediment of sample 2 was
more compact than that of sample 1. A simple description of the ma-
trix and recognizable admixtures of organic and inorganic objects
(e.g. wood chips, bark, charcoal, bones) was made (according to
e.g. recommendations in the literature like Hall and Kenward,
1990; Dobney et al., 1992; but mainly based on our own experience
and in close collaboration with geoarchaeologists, e.g. Pollmann,
2014). Both samples contained small amounts of dung, but unlike
sample 1, sample 2 also contained some loam and lake marl. Initially
both samples consisted of ca. 4.5 l of sediment.
Each study master sample was distributed as evenly as possible
in a rectangular tray (62 × 50 cm; Fig. 2aA). We tried to “homoge-
nize” the sediment, but due to the fragile nature of most remains,
only large lumps could be broken. A grid (mesh size 10 × 10 cm)
was overlaid, dividing the sample into squares of similar volume
by projecting the grid squares vertically throughout the sample in
the tray. This way, we can expect that randomly chosen squares
give us on average a representative picture of the original sediment
sample with respect to the distribution of the size/shape/composi-
tion of the lumps and consequently with respect to the composition
of the remains. But we still have to expect a not negligible variation
from square to square and the lumpy nature of the sediment sam-
ple. In particular few large lumps may mainly determine the con-
tents of some squares.
The samples were then subsampled. For each sample we per-
formed 8 subsamplings labelled in the following as S1, S2, X1, X2,
Y1, Y2, T1, and T2. Different subsampling techniques were used: ran-
dom square sampling (two adjacent squares of the grid were select-
ed randomly per subsample) and stratiﬁed grid sampling (a small,
similar amount from each square was selected). These techniques
are explained in detail and are compared with respect to unbiased-
ness (representativity) and sampling variability in Appendix A.
Since we removed some of the material in any sampling, we could
not exclude a sequencing effect. To diminish the impact of such a se-
quencing effect on the interpretation, we applied X, Y and T in a dif-
ferent order in each replication and in the two samples. As the
random square sampling (S) removed the full material of the squares
chosen, a stratiﬁed grid sampling under the same conditions would
Fig. 1. Site plan of layer 13 in the lake dwelling site ParkhausOpéra (Zürich, Switzerland)with house plans and the locations of loam lumps (in blue). The location of the examined samples
(sample 1 (s1), sample 2 (s2)) is indicated in green and pictures show the proﬁle sections of the cultural layer in these two locations (picture credit to the Ofﬁce for Urbanism, City of
Zürich). u(For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the web version of this article.)
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not have been possible afterwards. Hence random square sampling
was always done at the end.
The rest of the samples after taking all subsamples were considered
to be the A-sample in this case study (so they were smaller than usual).
Normally, only the N2mm-fractions of the A-samples and the 0.35mm-
fraction of the B-subsamples would be analysed (Fig. 2). For our case
study (and in some other instances, see Antolín et al., 2017b), the N2
mm-fraction of the small B-subsamples was analysed, too, in order to
compare it with the contents of the N2mm-fraction in the large A-sam-
ples. For the comparison of the large A-samples and the small B-sub-
samples, only taxa that were fully-quantiﬁed in A-samples were
included in this fraction (see Steiner et al., 2015, table 8, with full quan-
tiﬁcation in the N2 mm-fraction).
All volume measurements (of the resulting fractions, but also of the
unprocessed samples) were taken using the displacement volume
(Antolín et al., 2015; all volume quantities mentioned henceforth
were measured using this technique). Sieving was performed using
the wash-over method in order to not destroy fragile items (see
Kenward et al., 1980; adapted for lakeshore settlements, see Hosch
and Zibulski, 2003; Tolar et al., 2010; for details about the sieving tech-
niques see Steiner et al., 2015). We used a graded bank of two sieves as
also recommended in the literature (e.g. Pearsall, 2015; Reitz and
Shackley, 2012; Jacomet and Kreuz, 1999). All subsamples were sieved
by the same siever in order to avoid an increase of variability of the re-
sults (Steiner et al., 2015).
A sub-subsampling of the 0.35 mm-fraction was done by the siever
as well. This fraction is rarely fully analysed because it usually contains
muchmore than the requiredminimumof items for estimating the pro-
portions of the most common taxa with a given accuracy, according
to van der Veen and Fieller (1982). The sub-subsampling was done
by stratiﬁed grid sampling. Much like the sample for the subsam-
pling test, the 0.35 mm-fraction was spread in a tray, the material
was homogenized as far as possible (which was much easier in this
case because the material was already sieved) and a grid was over-
laid. Several sub-subsamples of 5 ml were extracted by taking bits
of material from each grid (or each 2nd, 3rd, …, depending on the
quantity of the material). Former experiences have shown that 10–
15 ml of the fraction are enough to reach a sample size of 400 re-
mains or more, so for this test, two 5 ml subsamples were analysed.
However, it was allowed to analyse a third 5 ml subsample in the
case of an insufﬁcient number of remains, but this strategy was actu-
ally only applied in sample 1.
Also, in order to avoid further bias, all subsamples of one sample
were analysed by the same person (one sample done by FA and one
by BS). In addition, we used strict guidelines for the quantiﬁcation of re-
mains in each fraction (as detailed in Steiner et al., 2015, table 8, but
with full quantiﬁcation of all remains in the small fraction).
Nomenclature of scientiﬁc plant names follows the National Data
and Information Centre of the Swiss Flora (http://www.infoﬂora.ch).
As database we used ArboDat (©Kreuz and Schäfer 2016) with its eco-
logical plant groupings.
For the statistical analysis, we considered three different outcomes
as the result of each subsampling and the subsequent sieving and
analysis:
– the (extrapolated) concentration (also called density; no. of remains
per litre of sediment)
– the number of taxa
– the percentage of speciﬁc cultivated plants among all cultivated
plants in the 0.35 mm-fraction/the percentage of speciﬁc gathered
plants among all gathered plants in the N2 mm-fraction
– the number of taxa within ecological groups.




The volumes of the small B-subsamples analysed and the num-
ber of remains found in each subsample and fraction can be seen
in Table 1.
In the 0.35 mm-fraction, only one taxon (Papaver somniferum Lin-
naeus, seeds) had a proportion of ≥10% in all examined subsamples
and one taxon (Cerealia, chaff) had a proportion of 10% in one subsam-
ple of sample 2. All other taxa in the small fraction had proportions of
b10%. In theN2mm-fraction, 5 taxa (Linumusitatissimum Linnaeus, cap-
sules,Malus sylvestris (Linnaeus) Miller, seeds, Malus/PyrusMiller/Lin-
naeus, pericarp, Quercus sp. Linnaeus, pericarp and Rosa sp. Linnaeus,
seeds) had proportions of ≥10% in any of the examined subsamples.
3.2. Concentration (0.35 mm-fraction)
The concentration values of the small fraction of B-subsamples in
sample 1 were in average 13,184.0 remains per litre (r/l), and they var-
ied between 11,126.7 and 18,576.7 r/l (Fig. 3). B-subsamples in sample 2
had a lower concentration of in average 9027.9 r/l, with a variation be-
tween 6636.7 and 10,709.7 r/l.When looking at the cumulative graph, it
can be seen that the average concentrationwas closely approached after
about three subsamples were sorted in both samples, corresponding to
Fig. 2. Scheme of the subsampling in the main project (normal subsampling) and during
the subsampling experiment (study subsampling).
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1835 (sample 1) and to 935 (sample 2) remains respectively (Fig. 3,
Table 1).
3.3. Concentration (N2 mm-fraction)
In the N2 mm-fractions of the B-subsamples, large-seeded re-
mains had an average concentration of 370.5 r/l in sample 1 and
values varied between 240 and 536.7 r/l (Fig. 4). Astonishingly, the
A-sample 1 had a very low concentration of 98.5 r/l, lower than the
average of all B-subsamples (2.45 l) despite having a similar volume
(2 l). The N2 mm-fractions of the B-subsamples of sample 2 had a
concentration of in average 204.7 r/l with a variation between 93.3
and 356.7 r/l. The A-sample 2 had a concentration of 96.5 r/l,
which was slightly higher than the lowest concentration in the sub-
samples, but clearly lower than the mean of all B-subsamples
(2.44 l) despite having a similar volume (2.3 l). When looking at
the cumulative graph, it can be seen that the average concentration
in both samples is reached after about three subsamples, corre-
sponding to 335 (sample 1) and 201 (sample 2) remains respective-
ly, were sorted (though there is more ﬂuctuation in sample 2, Fig. 4,
Table 1).
3.4. Number of taxa (0.35 mm-fraction)
In sample 1, 41 taxa could be found in average with 33 being the
lowest, 45 the highest number of taxa found (Fig. 5). In sample 2, in av-
erage 38 taxa could be found with 31 being the lowest, 45 the highest
number of taxa found. However, the total number of taxa found across
all B-subsampleswasmuch higher for both samples, as could be expect-
ed. Ecological groupswere generallywell-represented in all subsamples
and only in one subsample, one group was missing entirely (winter
cereal weeds in sample 1, Y1; Table 2). Cultivars (with the exception
of a few rare ones) were recorded in all subsamples.
In a cumulative frequency analysis, it could be seen how many new
taxa were added by each new B-subsample analysed in the sequence
(Fig. 6). In sample 1 (Fig. 6A), the number of taxa seemed to stabilize
quite soon, the new taxa after the third subsample (1835 remains or
40 ml of material) were mainly just rare ones appearing in only one or
two subsamples (compare with Table 1). In sample 2 (Fig. 6B) there
was more ﬂuctuation, but after the fourth/ﬁfth subsample (between
1258 and 1597 remains or 40–50 ml of material) new taxa also mainly
consisted of rare ones.
3.5. Number of taxa (N2 mm-fraction)
The number of large-seeded taxa of the large fraction of the B-
subsamples did vary a lot (Fig. 7). In sample 1, it was in average
12.5 taxa and varied between 9 and 16 taxa. The number of taxa
found in the large A-sample 1 was higher than in all individual B-
subsamples, but was lower than in the B-subsamples in total. The lat-
ter is unexpected, as even though the A-sample (2 l) was smaller
than all B-subsamples together (2.45 l), we would not expect such
a difference in samples already this large. In sample 2, an average
of 9.5 large-seeded taxa could be found and the numbers varied be-
tween 6 and 11 taxa. The number of taxa found in the large A-sample
2 was higher than the one in all B-subsamples in total, even though
the A-sample (2.3 l) was also slightly smaller than all B-subsamples
together (2.44 l). When splitting the taxa into eight ecological
groups, we can of course not expect to ﬁnd all groups represented
in each individual subsample. Table 3 depicts this additional aspect.
B-subsamples lacked between 1 and 3 out of the ecological groups
present in the whole sample (7 in sample 1 and 8 in sample 2).
Table 1
Displacement volumes of the A-sample and the B-subsamples and their sieved fractions inml and the number of remains counted in each fraction of the subsamples. The subsamples are
ordered by the sequence in which they were taken. Subsample names are explained in Appendix A, Table A1.
Sample 1 (s1) Sample 2 (s2)
Subsample A T1 Y1 X1 T2 X2 Y2 S1 S2 A X1 Y1 T1 Y2 X2 T2 S1 S2
Vol of the sediment (ml) 2000 300 300 300 320 320 320 300 300 2300 325 310 300 300 300 300 300 300
Vol N2 mm-fraction (ml) 750 90 110 100 110 120 100 90 130 700 90 80 90 100 90 100 100 100
Number of items found in N2 mm-fraction 138 158 70 107 99 134 88 110 115 152 54 66 81 55 27 53 91 41
Vol 0.35 mm-fraction (ml) – 100 90 110 90 100 90 90 90 – 120 120 100 120 100 100 100 90
Vol sub-subsample 0.35 mm-fraction (ml) – 10 15 15 10 10 10 10 10 – 10 10 10 10 10 10 10 10
Number of items found in subsample of 0.35 mm-fraction – 640 660 535 515 493 571 542 450 – 326 339 270 323 339 316 301 316
Number of items found in total (both fractions) 138 798 730 642 614 627 659 652 565 152 380 405 351 378 366 369 392 357
Fig. 3. Concentration of plant remains in the 0.35mm-fraction of the small B-subsamples (subsamples are ordered by the sequence inwhich they were taken) and the average value of all
subsamples in the two analysed samples. Cumulative average concentration lines for both samples are also shown (average concentrationwas calculated after each subsample analysed in
sequence).
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Interestingly, in sample 1, the A-sample seemed to cover the spec-
trum less well than all B-subsamples together.
In a cumulative frequency analysis of the large-seeded remains in
the N2 mm-fractions of the B-subsamples, it could be seen how many
new taxawere added by each new subsample analysed in the sequence
(Fig. 8). In both samples, numbers rose steeply in the beginning, in sam-
ple 2 more continuously than in sample 1, with mostly only rare taxa
being added after the third subsample for sample 1 (335 remains or
300 ml of material) or the fourth for sample 2 (256 remains or 360 ml
of material, compare with Table 1). In sample 1, there was a leap in
numbers with the ﬁfth subsample, X2, but the added taxa were only
rare ones mostly appearing only once and only in this subsample,
which was generally quite rich. Otherwise numbers were very stable
after the second subsample.
3.6. Proportions of cultivated plants (0.35 mm-fraction)
Remains of cultivated plants appeared mostly in the small
(0.35 mm-) fraction. These were mostly opium poppy seeds (being
one of the most common cultivars during the Horgen culture), cereal
chaff and cereal bran (mostly subfossil) and ﬂax capsule fragments (sin-
gleﬂax capsule segments,whichwere counted separately fromﬂax cap-
sules, larger parts of or even whole capsules, for counting units see
Steiner et al., 2015, table 8). Therefore, we looked at their proportions
in more detail in the 0.35 mm-fractions of the small B-subsamples.
The proportions of cultivated plants stayed more or less the same in
all subsamples, although there were some larger ﬂuctuations (Fig. 9).
Barley chaff (Hordeum vulgare Linnaeus) was not found in all subsam-
ples of sample 1 (due to very small proportions). But in general the av-
erage mean was already established more or less ﬁrmly in the third
subsample analysed (Fig. 10).
In Fig. 10, we could see that the average proportion was reached
after three (sample 1) or four (sample 2) subsamples or in average
1500 sorted remains.
3.7. Proportions of gathered plants (N2 mm-fraction)
Large-seeded wild fruits, which were most likely gathered for con-
sumption (as many previous investigations have shown, e.g. Hosch
and Jacomet, 2001, 2004; Zibulski, 2010; Antolín et al., 2016), can be
found mainly in the larger (N2 mm-) fractions. Therefore we compared
some of the most frequently occurring ones in the N2 mm-fraction of
the large A-samples and of the B-subsamples (Fig. 11). As the overall
number of remains was much smaller in the N2 mm-fraction than in
the 0.35 mm-fraction, it was not surprising that we observed a higher
ﬂuctuation in proportions compared to the previous chapter. In particu-
lar, some of the rarer taxa like sloe (Prunus spinosa Linnaeus) could not
be found in all small B-subsamples.
No systematic differences between the different subsampling tech-
niques could be detected, the B-subsamples taken with the same tech-
nique sometimes differed more among each other than subsamples
taken with different techniques (Fig. 11). In Fig. 12, we could see that
the average proportion was reached after four (sample 1) or ﬁve (sam-
ple 2) subsamples or in average 360 sorted remains.
Fig. 4. Concentration of plant remains in the N2 mm-fraction of the two large volume A-samples and of the N2 mm-fractions of the small B-subsamples (subsamples are ordered by the
sequence in which they were taken) and the average of all subsamples (without A-samples). Cumulative average concentration lines for both samples are also shown (average
concentration was calculated after each subsample was analysed in sequence).
Fig. 5. Number of taxa in the 0.35 mm-fractions of the small B-subsamples (subsamples are ordered by the sequence in which they were taken) and the total number of taxa in all
subsamples.
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3.8. Deviation from random sampling
For proportions, the expected standard deviations under random
sampling can easily be computed (see Appendix A, second to last para-
graph) and can be compared with the observed standard deviations.
The results of such comparisons are shown in Table 4 for cultivated
plants in the 0.35 mm-fraction and Table 5 for gathered plants in the
N2mm-fraction. As expected, the ratios of the observed to the expected
standard deviations tended to be above 1. Comparing the geometric
means of these ratios, we could generally observe a higher value in sam-
ple 2 compared to sample 1. We observed smaller geometric means for
the N2mm-fraction compared to the 0.35mm-fraction. In the 0.35mm-
fraction, we observed the highest ratios for glume wheat chaff (mainly
Triticummonococcum Linnaeus, Triticumdicoccon Schrank), unidentiﬁed
cereal chaff and bran. In contrast, barley chaff, ﬂax seeds and capsules
seemed to appear as single pieces more often, as their ratios were the
smallest (except for small capsule fragments in sample 2). Poppy
seeds showed a high ratio in sample 1, and a low one in sample 2.
4. Discussion
4.1. Methodological limitations of this study
As previous observations showed, for large-seeded items larger sam-
ples are needed than for the small-seeded ones (Hosch and Jacomet,
2001; compilation of Jacomet, 2013; Antolín et al., 2017a). Therefore,
the need for subsampling unprocessed sediment arises in order to
keep workload resulting from the large samples down to a manageable
volume, as stated in the Introduction (and cited literature there). This
need inspired this study, but also posed several limitations faced in its
implementation:
(1) Firstly, the scope of the test was rather small with only two dif-
ferent samples being compared. It can be seen as a “pre-test”.
Orton (2000, pp. 167) recommends to perform such pilot studies
to “get some idea of the variability in our population, and hence
the size and design we shall need for our main survey”.
(2) Secondly, this test was already very time consuming to perform
(which is the main reason why such tests are hardly ever
done). Power calculations performed at the start of this test
(WV) suggested that at least six more samples would have
been needed for statistically robust results with respect to iden-
tiﬁcation of differences between subsampling techniques. This
would have added the analysis of 64 more subsamples (8 sub-
samples of 6 large samples more) and would have required an
enormous amount of time (N750 h of work). We therefore
forwent a formal statistical analysis and examined the data in a
descriptiveway instead, which already provided some important
information to allow judging the suitability of the techniques
used and checking the sample sizes needed for waterlogged
samples.
Despite these limitations of our study, we think that our results are
of common interest and have a certain signiﬁcance, as to our knowl-
edge, no such systematic subsampling tests with waterloggedmaterials
were published until now. We have therefore decided to share our ex-
periences with the archaeobotanical community, discuss them critically
and draw conclusions for future investigations.
4.2. Are small-volume subsamples comparable to their master sample?
(aim 1)
To check whether subsampling introduces a bias making the sub-
samples different from the master sample, we compared the contents
of the small-volume subsamples with the large-volume residue drawn
from the same master sample. Our results suggest a systematic differ-
ence. In the large-volume A-samples, we saw distinctly lower average
concentrations in the N2mm-fraction than in all B-subsamples together
(Fig. 4). This indicates that subsampling introduces a bias in the sense
that it enriches the material with respect to the number of remains.
There are at least two different possible explanations for this bias.
First, this may result from the manual and hence somewhat subjective
selection of thematerial in each grid or themanual deﬁnition of the con-
tents of a square. Second, despite using counting guidelines, the smaller
Table 2
Number of taxa of the different ecological groups appearing in the 0.35 mm-fractions of the B-subsamples and of all B-subsamples together (total). The subsamples are ordered by the
sequence in which they were taken. Subsample names are explained in Appendix A, Table A1.
Sample 1 (s1) Sample 2 (s2)
Subsample T1 Y1 X1 T2 X2 Y2 S1 S2 Total X1 Y1 T1 Y2 X2 T2 S1 S2 Total
Water/lakeshore vegetation 3 4 3 4 4 4 2 3 11 6 1 3 1 1 2 1 3 7
Meadow-like vegetation 2 4 2 1 2 3 2 1 5 1 1 1 1 1 2 3 1 3
Ruderals 3 6 4 4 3 3 3 3 6 2 3 2 4 5 3 2 4 9
Cultivars 6 6 5 5 6 6 6 5 6 6 6 6 7 6 6 6 6 7
Spring cereal and root/row-crop weeds 9 5 8 6 6 7 7 5 12 6 6 4 6 8 4 5 9 14
Winter cereal weeds 1 0 2 2 3 2 1 3 3 1 1 3 1 1 2 2 2 4
Woodland and brush 9 8 8 8 8 8 9 7 13 7 6 8 8 9 8 11 10 15
Others 10 11 9 10 7 10 10 6 16 11 7 11 7 6 8 11 8 15
Fig. 6. Cumulative frequency graphs of the 0.35 mm-fraction of the B-subsamples showing the total number of taxa and the sample size in A) sample 1 and B) sample 2. Horizontal axes
represent the different B-subsamples numbered in the order of their extraction from the sample, vertical axes on the left represent the number of taxa (only new ones were added with
each new subsample) and vertical axes on the right represent the sample size (nr of remains counted).
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volumes of B-subsamples may involuntarily induce a more careful siev-
ing and/or examination. Systematic differences could also be observed
for the proportions of single species among all gathered plants for one
of the two samples.
Of course, with respect to the number of taxa and the representation
of ecological groups, we have to expect substantial differences between
small subsamples and the large residual A-sample, as both variables in-
crease with sample size. This could be corroborated in our analyses of
the N2 mm-fractions, which gave more complete representations in the
large A-samples compared to the single B-subsamples (Fig. 7). The eco-
logical group of woodland and brush was particularly well-represented
in one A-sample (Table 3, sample 2), because their representatives often
have large seeds which might be underrepresented in small subsamples
(Jacomet et al., 2004; Jacomet, 2013; Antolín et al., 2017b).
Overall, these results suggest that subsampling can be a source of
bias, cannot be recommended in general and should only be used if
necessary.
4.3. How large is the extra variability in subsampling caused by lumpiness
of the sediment? (aim 2)
With respect to proportions, we were able to obtain a quantiﬁcation
of this extra variability by lumpiness, but we expected a similar effect
with respect to concentrations. Tables 4 and 5 suggest that standard de-
viations increased on average by a magnitude of 30–50% for the small
fraction and between 0 and 30% for the large fraction. However, for sin-
gle species, the increase may be much higher. We suppose that these
(partly very large) deviations are in direct connection with the lumpi-
ness of the sediment. This is corroborated by the fact that sample 2
shows a higher geometric mean of the ratio observed/expected SD,
which can be explained by a higher number of loam lumps having led
to a larger lumpiness in this sample. The smaller geometric means for
the N2 mm-fraction may reﬂect a tendency of large remains to lump
less than small remains, although therewere differences between single
taxa. In the 0.35mm-fraction, the highest ratios were found for uniden-
tiﬁed cereal chaff, glume wheat chaff, cereal bran and opium poppy
(particularly in sample 1), reﬂecting the tendency of these remains to
appear in lumps. In contrast, barley chaff, nakedwheat chaff (particular-
ly in sample 1), ﬂax seeds and ﬂax capsules (particularly in sample 2)
seemed to appear as single pieces more often, as their ratios were the
smallest. This observation ﬁts very well with the fact that the remains
of the second group show different surface distribution than the ﬁrst
group; we think that they weremore likely deposited as single remains
(and then also transported by water), whereas the ﬁrst group could
have been deposited within coprolites or also within loamy sediment,
therefore more likely appearing in lumps (see Antolín et al., 2017a).
Their different taphonomic background is obviously also visible within
the single samples. In the N2 mm-fraction, differences in the ratios
were less pronounced, but the high ratio for wild roses in sample 2
may reﬂect a lumpy occurrence.
All in all,we could observe on average amoderate increase of the stan-
dard deviations of the estimated proportions. So we could corroborate
that it is not possible to draw random subsamples by the subsampling
techniques considered. The most likely explanation for this is the lumpi-
ness in unprocessed waterlogged sediments (as we already assumed in
the Introduction). Therefore, we cannot simply adopt the sample sizes
calculated for loose carbonized material (van der Veen and Fieller,
1982) without adjustment (see below, Section 4.5, for more details).
4.4. Which (sub-)sample size is needed to obtain reliable quantiﬁcation of
proportions and diversity in a waterlogged lumpy sample? (aim 3)
Ignoring for a moment the bias introduced by subsampling, by
looking at the average ratios of observed and expected standard de-
viations, we can estimate the impact of the lumpiness on sample
variation within the examined samples. We observed for the N2
Fig. 7.Number of taxa in theN2mm-fractions of the 2 A-samples and of theN2mm-fraction of the small B-subsamples (subsamples are ordered by the sequence inwhich theywere taken)
and the total number of taxa of all B-subsamples (without A-samples).
Table 3
Number of taxa of the different ecological groups appearing in the N2mm-fractions of the large A-samples, of the single B-subsamples and of all B-subsamples together (total, without A-
sample). The subsamples are ordered by the sequence of subsamples taken. Subsample names are explained in Appendix A, Table A1.
Sample 1 (s1) Sample 2 (s2)
(Sub-)sample A T1 Y1 X1 T2 X2 Y2 S1 S2 Total A X1 Y1 T1 Y2 X2 T2 S1 S2 Total
Aquatic/wetland plants 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
Grassland plants 1 0 1 0 0 0 1 1 1 1 0 0 1 0 0 0 0 0 0 1
Ruderals 2 1 1 1 1 1 0 1 1 1 2 1 0 1 1 0 1 0 1 1
Cultivars 4 2 2 2 2 4 2 2 2 4 4 2 3 3 2 2 2 3 3 3
Spring crop annual weeds 1 0 1 0 0 1 0 0 0 1 1 1 1 1 1 1 0 1 1 1
Winter crop annual weeds 0 1 0 0 0 1 0 0 0 2 0 0 0 0 1 0 0 1 0 2
Woodland and brush plants 7 9 6 8 5 7 8 7 7 10 12 5 6 6 5 3 4 6 3 11
Others 2 2 1 1 1 2 1 1 1 2 2 1 0 0 0 0 1 0 1 1
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mm-fractions on average ratios of about 1.15, and for the 0.35 mm-
fraction ratios of about 1.4 (Tables 4, 5). If we want to compensate
for the lumpiness in unprocessed waterlogged samples by increas-
ing the sample size, the necessary increase is given by the squares
of these numbers, i.e. about a factor of 1.32 for the N2 mm-fractions
and about 1.96 for the 0.35 mm-fraction. Based on the numbers of
van der Veen and Fieller (1982), this means counting a minimum
of 507 (384 × 1.32) predeﬁned remains in the N2 mm-fraction
and of 753 (384 × 1.96) remains in the 0.35 mm-fraction if we
want to know the proportions of the most important plants in a
sample with a given accuracy of ±5% points with 95% probability.
However, these numbers refer to the average increase in variation.
For single species with a high tendency to occur in lumps, the nec-
essary sample sizes may be larger.
With respect to diversity, we can take a look at the cumulative anal-
yses for the number of taxa. There, we empirically examined at which
point the smaller B-subsamples became representative of the mean
generated by all subsamples together. We aimed at a good representa-
tion not only of the proportion of the most important taxa, but of all
taxa and therefore also of the full diversity. In this cumulative analysis,
we found in both the smaller and the larger fraction that at ﬁrst, the
number of taxa grew with each subsample analysed, as was found in
previous experiments (Green, 1979; Pearsall, 2015). However, after
analysing approximately 1630 remains in the small fraction
(0.35 mm; 30–40 ml of the fractions' total content) and 300 remains
in the large fraction (N2 mm; or 300–400 ml of the fractions' total con-
tent), newly found taxaweremostly rare ones and themean proportions
of ecological groups were already established. The concentration was
then also already close to the mean concentration of all subsamples. In
order to representatively analyse the diversity in a single individual wa-
terlogged sample, our results therefore suggest to analyse ca. 2000 re-
mains, if subsampling prior to sieving is applied. These numbers are
different from those derived above with respect to proportions, which
might reﬂect that the overall number of taxa and the occurrence of rare
taxa is smaller in the large fraction than in the small fraction.
Which of these numbers may provide some guidance depends on
the aim of the study. Assessing the full diversity of any sample is advis-
able if not only the economy but also environment and taphonomy are
to be studied (e.g. Antolín et al., 2017a; see also Behre and Jacomet,
1991), as then no ecological group should bemissed for methodological
reasons. However, in someanalyses, itmight be sufﬁcient to obtain a full
picture of diversity across several samples, such that the necessary sam-
ple size is only reached for the sumover several samples (Vach, ongoing
work, see also Lee, 2012, 2014).
In summary, we could conﬁrm that the analysis of waterlogged
samples requires an increase in sample size when subsampling
prior to sieving is used. Consequently, we have to invest consider-
ably more time in analysis (+approx. 10 h or more), which may out-
weigh the saved time from not fully sieving the small fraction. If we
do not follow this advice, we may miss taxa or have rather unreliable
estimates of concentrations or proportions of species which tend to
appear in lumps in the material.
It should be mentioned that our samples were scatter samples, and
hence already homogenized to some degree. Starting with unscattered
(‘bulk’) samples may imply that the sample size needs to be increased
further.
Fig. 8. Cumulative frequency graphs of the large (N2 mm-) fraction of the small B-subsamples showing the total number of taxa and the sample size in A) sample 1 and B) sample 2.
Horizontal axes represent the different B-subsamples numbered in the order of their extraction from the sample, vertical axes on the left represent the number of taxa (only new ones
were added with each new subsample), and vertical axes on the right represent the sample size (nr of remains counted). A-samples were excluded here.
Fig. 9. Proportions (%) of cultivar remains in the 0.35mm-fraction of the B-subsamples (only subfossil remains shown, charred remains are not shown because they had an extremely low
percentage of b0.1%). The average of all subsamples is also shown. The subsamples are ordered by the sequence in which they were taken. The average values of all subsamples together
are also shown.
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4.5. Is subsampling sediment prior to sieving a reliable strategic choice?
(aim 4)
Comparing the contents of small-volume subsamples with each
other, as well as with a large-volume residual sample drawn from the
samemaster sample of unprocessed sediment, shows that subsampling
introduces bias as well as considerable variation. The potential bias
seems to be substantial. Consequently, subsampling of raw lumpy sedi-
ment should be avoided if possible. It seems to be the better choice to
take subsamples from the fractions after sieving. This way, the sample's
contents would be homogenized to a large degree before taking sub-
samples for analysis. In theory, material in sieved fractions of water-
logged sediment should behave like material from dry, non-lumpy
sediment and a random subsampling seems to be feasible. However,
we still need to choose concrete techniques for subsampling after siev-
ing, and it is still to be investigated which speciﬁc technique should be
preferred based on assessing their bias and variation.
Using this strategy, the sievingmight take longer, but in order to elim-
inate the lumpiness of a waterlogged sediment, it should well be worth
the effort, because as a consequence, we do not have to enlarge the sam-
ple size to take the (unknown) degree of lumpiness into account.We can
rely on the tables and formulas provided by van der Veen and Fieller
(1982) and Thompson (1987), which hold for all species, whereas poten-
tial correction factors would vary from species to species. Subsampling
after sieving is already used in several archaeobotanical labs (e.g. personal
communication L. Lodwick), but it is not always possible due to the large
size of the master samples (in certain cases well above 15 l of sediment
(personal communication C. Rößner)). A careful consideration of the
balance between longer sieving times and longer analysis/counting
times is required to determine if budgetary limitations are an argument
to not sieve a sample before subsampling. It might also be necessary to
draw one or several subsample(s) before sieving in order to investigate
other remains like pollen or parasites, but then the remaining major
part should be sieved before further analysis.
Fig. 10. Proportions (%) of cultivar remains in the 0.35 mm-fraction shown in a cumulative way as subsequent means after adding each new sample to the previously studied (ﬁrst is the
ﬁrst sample studied on its own, second is themean of the ﬁrst two, third is themean of the ﬁrst three etc.). The sequence is the same as listed in Fig. 9. Eighth also corresponds to average
overall values of B-subsamples together.
Fig. 11. Proportions (%) of gathered large-seededwild plants in the N2mm-fractions of the large A-samples and of the small B-subsamples (only subfossil remains shown, charred remains
hardly present). The average of all subsamples (without A-samples) is also shown. The subsamples are ordered by the sequence in which they were taken. The average values of all
subsamples together are also shown.
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If samples are sieved without prior subsampling, one possible time
saving-strategy could also be the collection of smaller samples on the
site of excavation. Our previous, but also the present, study shows clear-
ly that the volume of the samples for obtaining a good representation
of the large-seeded botanical items from rich waterlogged sediments
can be reduced to 3 l or even less (instead of 10 l or more, see Hosch
and Jacomet, 2001). But we recommend in any case to ﬁrst deter-
mine the average density of botanical remains per unit of volume
in a pre-test at the beginning of an excavation, using a few larger-
volume samples. Given a required sample size for the remains, the
required volume of the samples could easily be calculated and, dur-
ing the continuation of the excavation, only samples of the desired
volume could be taken. If a pre-test is not possible, we recommend
taking samples of at least 3 l as already recommended by Hosch
and Jacomet (2001), which should work for a lot of sites with water-
logged preservation.
To summarize, even though our testwas small, we can emphasize one
important result thatmight be of general validity, because it seems to cor-
roborate former ideas (which were never before underlined by experi-
ments): in order to avoid producing errors in the results due to the
lumpy nature of the sediment, it is deﬁnitively better to invest more
time in sieving complete samples with no prior subsampling with appro-
priatemethods (as already described in Hosch and Zibulski, 2003 or Tolar
et al., 2010) in order to homogenize the sediment (and in this way elim-
inate the lumps), and then take subsamples from the fractions' contents.
5. Conclusions
A ﬁrst result of this paper is that subsampling of lumpy organic wa-
terlogged sediment prior to sieving should only be done if really indis-
pensable. Subsampling can introduce a bias, especially concerning
concentration values. However, due to the richness of organic remains
in waterlogged samples, subsampling is usually necessary, especially
in the smallest fraction. In those cases,we found that it is better to invest
more time in the appropriate (wash-over) sieving of undivided samples
(ideally of a predeﬁned size) in order to eliminate lumps as far as possi-
ble (homogenizing effect) before taking subsamples out of the fractions'
contents. The time investment for sieving can be regained when
analysing the samples. This is based on the fact that we also found
that when subsampling from unsieved, lumpy sediment, sample sizes
Fig. 12. Proportions (%) of gathered large-seeded wild plants in the large (N2 mm-) fractions of the A-samples and the small B-subsamples, shown in a cumulative way as subsequent
means after adding each new sample to the previously studied (ﬁrst is the ﬁrst sample studied on its own, second is the mean of the ﬁrst two, third is the mean of the ﬁrst three etc.).
The sequence is the same as listed in Fig. 11. Eighth also shows values of all B-subsamples together. A-samples are shown separately.
Table 4
Meanproportions, observed SDs, expected SDs under randomsampling and the ratios of observed and expected SDs aswell as the geometricmeans of the ratios for the cultivatedplants in
the 0.35mm-fraction of the two samples. The remain type ‘ﬂax capsule’ encompasses larger parts (or evenwhole) capsules, whereas ‘ﬂax capsule fragments’ are single capsule segments.

















Barley chaff 0.3 0.3 0.3 1.1 5.8 2.2 1.6 1.3
Naked wheat chaff 0.9 0.4 0.5 0.7 9.0 2.9 2.0 1.5
Glume wheat chaff 7.6 2.5 1.4 1.8 8.5 3.2 1.9 1.7
Cereal chaff
unidentiﬁed
8.2 2.7 1.5 1.9 8.1 4.4 1.9 2.3
Cereal bran 5.5 1.8 1.2 1.5 1.6 1.9 0.9 2.2
Flax seeds 6.4 1.3 1.3 1.0 7.3 1.8 1.8 1.0
Flax capsules 3.2 1.2 0.9 1.3 0.7 0.6 0.6 1.0
Flax capsule fragments 7.7 1.7 1.4 1.2 9.6 3.6 2.0 1.8
Opium poppy 60.2 5.6 2.6 2.2 49.4 4.6 3.4 1.3
Geometric mean 1.3 Geometric mean 1.5
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need to be much larger than if lumps are eliminated through sieving.
Our test samples suggest that an increase of a factor of 1.32 for the
large (N2 mm-) fraction and of 1.96 for the small (0.35 mm-) fraction
is needed in order to have proportions of the most important taxa ap-
propriately represented on average, compared to sample size sugges-
tions based on random subsampling (e.g. van der Veen and Fieller,
1982; Thompson, 1987). With respect to single species or to evaluate
the diversity in the small fraction, even larger sample sizes are needed.
These higher sample sizes result in a high amount of time additionally
needed for analysis. The sample size can be decreased if results from
several samples can be pooled in the later analyses, for example in
very densely sampled sites with many samples showing similar behav-
ioural episodes. However, this applies to both subsampling prior to siev-
ing as well as subsampling after sieving. We did not discuss here rapid-
screeningmethodologies, but this might be a choice for large-scale pro-
jects of waterlogged settlements (Kenward et al., 1985; Kenward and
Hall, 1995; Vandorpe, 2010; Perego, 2015).
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Table 5
Mean proportions, observed SDs, expected SDs under random sampling and the ratios of observed and expected SDs as well as the geometricmeans of the ratios for the gathered plants in
the N2 mm-fraction of the two samples.

















Hazelnut fruits 8.0 5.1 4.1 1.2 1.3 2.1 2.3 0.9
Apple seeds 18.2 3.6 5.9 0.6 4.2 3.3 4.1 0.8
Apple/pear pericarps 42.3 8.8 7.5 1.2 15.6 10.8 7.4 1.5
Acorn pericarps,
cupules
2.8 2.0 2.5 0.8 68.8 17.1 9.5 1.8
Wild rose fruits 15.2 6.2 5.5 1.1 3.1 8.6 3.5 2.5
Sloe fruits 1.3 1.6 1.7 0.9 2.3 3.2 3.1 1.0
Other gathered taxa 12.2 6.1 5.0 1.2 4.6 4.7 4.3 1.1
Geometric mean 1.0 Geometric mean 1.3
Table A1
Set-up of the case study subsampling. This table can also be used to differentiate between the subsamples in the ﬁgures of the main article.
Sampling strategy Random square sampling Stratiﬁed grid sampling
Abbreviation S G
Operator One person (X) X Y Team (X + Y)
Run 1 2 1 2 1 2 1 2
Subsample name S1 S2 X1 X2 Y1 Y2 T1 T2
Appendix A. Addition to the main article: differences between subsampling techniques
A.1. Introduction
Different subsampling techniques were examined to see how subsampling inﬂuenced the outcome of the analyses. Aim was to get ﬁrst insights into
differences between different subsampling techniques performed by different operators in lumpywetland sediments before sievingwith respect to un-
biasedness (representativity) and sampling variability.
A.2. Material and methods
The samples were subsampled in two different ways and the amount of the subsamples was in each case chosen to obtain a sample of the same vol-
ume (the setup is summarized in Table A1):
Random square sampling: two adjacent squares of the grid were selected randomly and their content (forming a block, see Orton, 2000, ﬁg. 2.4)
was used as the subsample. To avoid edge effects, we only considered squares that were neither at the edge of the sample nor in the inner part
(see Fig. A1A and B).
Stratiﬁed grid sampling: the squareswere regarded as a stratiﬁcation of the sediment sample andwemanually sampled a small, similar amount from
each square using a spoon (Fig. A1B, Table A1). If necessary, big lumps were divided in this subsampling process. We considered two different oper-
ators to perform the stratiﬁed grid sampling separately or simultaneously as a team (which is consequently the fastest method) in order to check if
the operator could have any inﬂuence on the resulting subsamples. As a result, we had for each sample three variants of the stratiﬁed grid sampling:
1) Stratiﬁed grid sampling performed by operator X;
2) Stratiﬁed grid sampling performed by operator Y;
3) Stratiﬁed grid sampling performed by X and Y together as a team.
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All 4 sampling techniques (the random square sampling and the 3 stratiﬁed grid sampling techniques) were applied twice in each of the two
samples. Consequently, for each sample we performed 8 subsamplings labelled in the following as S1, S2, X1, X2, Y1, Y2, T1, and T2. Since we
removed some of thematerial in any sampling, we could not exclude a sequencing effect. To diminish the impact of such a sequencing effect on
the interpretation, we applied X, Y and T in a different order in each replication and in the two samples. As the random square sampling re-
moved the full material of the squares chosen, a stratiﬁed grid sampling under the same conditions would not have been possible afterwards.
Hence random square sampling was always done at the end.
The expected advantage of the stratiﬁed grid sampling is the reduction of the sampling variability: if there is a substantial variation in the composition of
the remains from square to square, we can reduce this variability by averaging. The basic disadvantage of stratiﬁed grid sampling is the subjective com-
ponent in drawing a samplemanually from each square (see discussion above). In addition, since wewere interested in sampling a small amount from
each sample, this step required each operator having a strategy to divide larger lumps. Note that random square sampling also was not completely free
from subjective components. The vertical projection of the squares had to be performed manually, and also sometimes required to divide lumps.
A.3. Results
A.3.1. Concentration (0.35 mm-fraction)
Sample 1: Subsample T1, which was gathered by stratiﬁed grid sampling as the ﬁrst one in the sequence, had a much higher concentration than all
the other subsamples (Fig. 3).
Sample 2: Subsample T1, the third one gathered, had the lowest concentration,while both Y subsamples (Y1, Y2) had a high concentration compared
to the other subsamples (Fig. 3).
A.3.2. Concentration (N2 mm-fraction)
Sample 1: The highest concentration could be found in subsample T1 (Fig. 4).
Sample 2: The highest concentration could be found in subsample S1, the second highest in T1 (Fig. 4).
A.3.3. Means and standard deviations of concentrations (both fractions) in
regard to subsampling techniques
The results of the concentration values in respect to the basic characteristics of the examined sampling techniques are shown in Fig. A2. No common
tendencies of average values could be observed. Overall, the standard deviations for X, Y and S were of comparable magnitude, but team stratiﬁed
grid sampling produced the highest standard deviations in three out of four cases.
Fig. A1.A) Locationwhere the two subsamples of the random square samplingwere taken. B) Scheme of the two techniques used for subsampling (the extraction of one square subsample
is shown). Grey colour marks the areas where material was taken in the subsampling process.
Fig. A2.Mean± standard deviations of concentrations of plant remains in B-subsamples A) in the 0.35mm-fraction and B) in the N2mm-fraction (A-samples are also shown here). Sam-
ples are sorted by subsampling strategies. The values of the runs are averaged, subsample names are explained in Table A1. s1: sample 1, s2: sample 2.
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A.3.4. Number of taxa (0.35 mm-fraction)
The number of taxa did not differ much between the different B-subsamples (Fig. 5).
A.3.5. Number of taxa (N2 mm-fraction)
Only in two cases (sample 1, T1, X2), the number of taxa found in a subsample exceeded half of the total taxa found in all subsamples (Fig. 7).
A.3.6. Means and standard deviation of numbers of taxa (both fractions) in
regard to subsampling techniques
The results of the number of taxa in respect to the basic characteristics of the examined sampling techniques are summarized in Fig. A3. The differ-
ences in the average values were rather small, and hence it is not surprising that we cannot identify any common pattern. The same applies to the
standard deviations, but we would like to note that team stratiﬁed grid sampling again tended to produce large standard deviations.
A.3.7. Proportions of cultivated plants (0.35 mm-fraction)
In one B-subsample of sample 2 produced by random square sampling (S1), there was a much higher percentage of cereal bran than in all other B-
subsamples of sample 2 (Fig. 9). Percentages sometimes varied in subsamples produced by this technique, but so did they in samples produced by
stratiﬁed grid sampling. In sample 1, higher amounts of nakedwheat (Triticum durum/turgidum Desfontaines/Linnaeus) chaff were found in the sub-
samples produced by stratiﬁed grid sampling in a team (T1, T2), but therewas some variation present in all B-subsampleswhichwere taken by strat-
iﬁed grid sampling techniques.
A.3.8. Proportions of gathered plants (N2 mm-fraction)
Some subsamples differed substantially from the average: subsamples X2 and S2 in sample 2 contained less than half of all present taxa, and subsam-
ple T2 in sample 1 contained many more hazelnut (Corylus avellana Linnaeus) shell fragments than the other subsamples (Fig. 11).
A.3.9. Means and standard deviation of proportions (both fractions) in re-
gard to subsampling techniques
The results of the proportion values in respect to the basic characteristics of the examined sampling techniques are summarized in Fig. A4. No ten-
dencies could be detected in the average values. The standard deviations tended to be highest for random square sampling in themost common taxa,
but not in all cases.
A.4. Discussion: is any of the four examined subsampling techniques partic-
ularly more accurate than others?
Between the four subsampling techniques (comparing the different types of small-volume subsamples), some differences in terms of number of taxa,
proportions and densities were observed, but it was impossible to differentiate between random ﬂuctuations and real trends. When comparing
means and standard deviations of each method in regard to these parameters (Appendix B), no method could be observed to produce higher standard
deviations or outliers more often than others. However, due to the aforementioned limitations, this topic would beneﬁt from further examination.
The proportions of different specieswithin a speciﬁc groupwere surprisingly similar in all small B-subsamples (Figs. 10, 12), as opposed to the overall
concentrations. Overall concentrations seemed to bemore prone to subsampling variation (Figs. 3, 4).We cannot decidewhether this is due to setting
a species in relation to a subgroup of all species orwhether this is due to the extra variation in using the sample volume for standardization. However,
this observation is in linewith considerations byWright (2010) andMiller (1988), but see also Kadane (1988). Further work is necessary to develop
recommendations for the use of these different approaches in analysing waterlogged sediments.
A.5. Conclusion
When comparing different subsampling techniques for large unprocessed waterlogged samples, no systematic differences with respect to bias and
variation could be established. This would facilitate comparisons between sites where different subsampling strategies have been used. But as the
generality of our results is debatable, we would like to particularly stress again the importance of site-speciﬁc subsampling tests and the need for
a clear statement about the methods used.
Fig. A3.Mean± standard deviation of numbers of taxa of plant remains in B-subsamples A) in the 0.35mm-fraction and B) in the N2mm-fraction (A-samples are also shown here). Sub-
samples are sorted by subsampling strategies. The values of the runs are averaged, subsample names are explained in Table A1. s1: sample 1, s2: sample 2.
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Fig. A4.Mean±standarddeviation of proportions of taxa inB-subsamples A) of cultivatedplants in the 0.35mm-fraction and B) of large-seeded gathered plants in theN2mm-fraction (A-
samples are also shown here). Samples are sorted by subsampling strategies. The values of the runs are averaged, subsample names are explained in Table A1. s1: sample 1, s2: sample 2.
Colours correspond to Figs. 10 and 12 respectively.
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Appendix B. Addition to Section 2: detailed description of procedures used for the statistical analysis
In the N2 mm-fraction, concentrations per litre were calculated by dividing the number of remains by the sediment volume of the subsample. In the
0.35 mm-fraction, the number of remains in the sub-subsample was ﬁrst extrapolated to the subsample by multiplication with the ratio of the vol-
ume of the whole 0.35 mm-fraction and the volume of the sub-subsample.
First of all we present the raw results, i.e. the outcomeobserved in each of the two runs for each subsampling technique separately for the twomaster
samples.Within each sample, the order in which the subsamples have been taken is also used to present results in tables and ﬁgures. In addition, the
development of the outcome is shown by calculating the cumulative means from all preceding subsamples and the current one in order to obtain an
idea at which sample size stability may be reached. However, for the number of taxa we present cumulative results based on pooling the samples.
Results from the A-sample are added if available.
To obtain ﬁrst insights into the behaviour of the four subsampling techniques, we also present averages and standard deviations over the two runs.
Large differences in averagesmay hint to a systematic difference between two subsampling techniqueswhen analysing the same sample. Differences
in standard deviationsmay hint to differences in sampling variability. These results are shown in parallel for the two samples in order to facilitate the
judgement whether systematic differences are similar across the two samples.
For proportions, we also took a closer look at the overall variability over all four subsampling techniques and the two runs within each sample. We
present here the observedmean values and the observed standard deviations. In addition, we compare the observed standard deviations with those
we would expect if the subsamples would have been true random samples, and report the corresponding ratio. This factor reﬂects the degree of
lumpiness of the sample. The square of this number tells us how much we need to increase the sample size to obtain the same precision of our es-
timates as in the case of random subsampling. To get a ﬁrst idea of the magnitude of this increase, we report the geometric mean of the ratios. We
prefer here geometric means over the arithmetic means, as they are less sensitive to the skewed nature of the distribution of ratios.
The expected standard deviations were computed using the following formula to obtain the variance for the estimated proportion in the single sub-
sample i: vi=p ∗ (1−p)∕ni. Here ni denotes the overall number of cultivated/gatheredplant remains in subsample i and p is the average proportion
observed over all subsamples. The variance of a randomly chosen subsample is then approximately the average of these variances, and the expected
standard deviation is the root of this variance.
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Layer taphonomy is one of themajor questions in the archaeological research of lakeshore settlements. How fast
did these deposits develop?Were they exposed to periodic droughts and decay?Which amount of the originally
deposited remains survived until present? Plant macroremains have a great potential as indicators of preserva-
tion quality, since they are short-lived and particularly sensible to changes in preservation conditions. This
paper reviews previous attempts to use similar proxies to understand layer taphonomy and provides a compila-
tion of almost 50 variables (that include plant macroremains and other remains found in sediment samples) as
indicators for preservation quality. Two late Neolithic lakeshore sites located in Central Switzerland were used
as tests and more than 100 samples per site were investigated. Samples were grouped into meaningful groups
(according to sediment type or their location in the stratigraphy, etc.) and ubiquitieswere calculated for each var-
iable in each group of samples. Correspondence Analysis was applied in order to establish connections between
groups of variables and groups of samples. GIS was used in one of the cases to look at preservation at a site scale.
The method proved to be useful and differences in preservation conditions were observed in both sites, not only
regarding the location of the samples in the stratigraphy and in relation to their proximity to the lake, but also in
connection to sediment type. It is suggested that such studies are necessary before any palaeoeconomic analysis
is undertaken.









1.1. Aims and objectives of this study, studied sites
Anthropogenic deposits in wetland sites aremainly characterized by
the presence of archaeological artefacts and organic remains. The latter
include accumulations of dung and other organic debris like leftovers of
food preparation and of building activities (Jacomet, 2013). They also
contain parts of their natural environment, e.g. in form of water- or
bog-living organisms. Their preservation in a subfossil (uncharred)
form depends on the sustained existence of optimal conditions of pres-
ervation over time. It is clear that more or less anoxic conditions, water
saturation and rather low water temperatures are needed for the sur-
vival of subfossil organic plant parts (Retallack, 1984; Bleicher and
Schubert, 2015). When anoxic conditions are disturbed, corrosion
(damage slowly produced on material by chemical action and/or the
activities of microorganisms) begins. In addition, wetland sites which
are situated at the shores of lakes can also suffer erosivemechanical pro-
cesses that can be related to both natural (lake inﬂuence) and human
action. These can cause mostly fragmentation of organic remains, as
well as surface degradation, and transport and re-deposition.
Disentangling the different factors inﬂuencing preservation, and
reconstructingwhich factors played amajor role for preservation of cul-
tural layers at lake shores is a challenging task. In this paperwe propose
an approach to this issue by taking the state of preservation of plant
macroremains as indicators.
In theory, wetland sites represent almost ideal examples for
palaeoeconomic research as much more material – including subfos-
sil/uncharred plant remains – is preserved than in dryland sites. But
their interpretation is not as straightforward as it looks at ﬁrst glance
because until today their taphonomic histories remain rather enigmatic.
There are several long-lasting questions in wetland research in connec-
tion to the taphonomy of cultural layers. The ﬁrst question addresses
syndepositional processes, that is, under which circumstances were the
layers deposited. This question was already formulated in the ﬁrst half
of the XXth century with the attempts of researchers to contribute to
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the so called “Pfahlbauproblem” (Vogt, 1954), that is to say, the long-
lasting question regarding the type of construction of houses (stilted –
above open water – or not — on a dried up shore); in close correlation
with this are questions concerning the “in-situ-ness” of the materials
deposited (see a recent approach to these issues in Bleicher, 2013;
Bleicher and Schubert, 2015). The second question concerns postdeposi-
tional processes that take place during and after the occupation of the
settlement like water inﬂuence, erosion etc. and how to disentangle
those from the syndepositional ones. Finally, the third question is how
much of the organic components that were once present at the site have
remained until the present, i.e. the representativeness of the materials
preserved and their potential for answering palaeo-economical ques-
tions (see a recent paper on this issue Bleicher and Schubert, 2015).
This question can only be targeted when the two previous ones are
solved to some extent.
For answering the questions mentioned above, a transdisciplinary
approach is mostly desirable. Nevertheless, progress in individual disci-
plines is still needed for amore robust interpretation of the data. For this
reason, in this paper we focus on the study of plant macroremains or,
more precisely, on indicators of preservation quality in the plant
macroremains. Our aim is to use the large amounts of subfossil
(uncharred) plant macroremains in such anthropogenic layers (togeth-
er with other remains found in the samples) for an assessment of layer
taphonomy. As it is known from former studies, plant remains are
among the most fragile remains in such sediments (e.g. Brinkkemper,
2006; Jones et al., 2007) and therefore ideal candidates for answering
taphonomic questions. A systematic compilation of the existing param-
eters for such a characterization, however, does not exist until today and
the methodologies are heterogeneous. Furthermore, as most authors
recognize, there is an important gap of knowledge in the understanding
of the degradation of botanical macroremains (and this means at the
same time that it is very difﬁcult to disentangle syn- and postdeposi-
tional inﬂuences). With this study we try to ﬁll this gap to some degree.
We compiled the variables mentioned in previous literature on this
topic (see below, Section 1.2) and added those identiﬁed from own ob-
servations. In additionwe propose a faster yet effective recordingmeth-
od (in comparison to previous fully-quantitative approaches like in
Jones et al., 2007) for everyday archaeobotanical studies.
We applied our methodology in two different case studies of late
Neolithic occupation phases in lakeshore settlements in central Switzer-
land: Zürich-Parkhaus Opéra (Lake Zürich; from now on called ZHOPE)
and Zug-Riedmatt (Lake Zug; from now on called ZGRI). For the former,
a large number of surface samples (over 250) taken fromm2-quadrants
(interval sampling; e.g. Jones, 1991) that span along3000m2were stud-
ied in great detail, taking into account the inner stratigraphy of the layer
deﬁned during ﬁeldwork. For the latter, several proﬁle columns (mono-
liths; e.g. Orton, 2000) from a small excavated area of only 64 m2 were
investigated paying particular attention to micro-stratigraphy, deﬁned
post-excavation, and located along lake-land-transects, with a transdis-
ciplinary methodology and in a systematic way.
Our speciﬁc questions are: canwe detect different preservation con-
ditions in a site? Are these of spatial or stratigraphic nature? Can our re-
sults prove or reject any of the models of layer formation proposed by
Bleicher and Schubert in previous research (Bleicher and Schubert,
2015)? Other questions ofmethodological naturewere also in the back-
ground of this paper: Can we put forward a list of the most interesting
indicators (i.e. thosewith greater potential to provide information refer-
ring to taphonomic processes) and those which could be neglected in
future studies? Which parameters are good indicators of preservation
and which are not? Is it worth to (semi-)quantify them or could their
presence/absence be recorded with similar results?
1.2. Research history
Research on the identiﬁcation of preservation parameters for
archaeobotanical remains of sites located in wetlands started towards
the seventies of the 20th century. It is based on earlier works, starting
in the ﬁrst half of the 20th century in the course of palaeoecological in-
vestigations of natural deposits (like e.g. the NW-European tradition of
sediment (incl. peat) characterization, which aside from seedy remains
also includes other sediment components (see references to
“Materialklassen” in e.g. Troels-Smith, 1955; Grosse-Brauckmann,
1961; Overbeck, 1975). Subfossil remains were used as indicators for
corrosion and preservation conditions, and it was attempted to disen-
tangle the local natural components of the samples from those that
were considered to be clear indicators of human activities. One of the
ﬁrst archaeobotanical studies where the degree of degradation of the
surface of themost frequent taxa was used as an indicator for processes
of corrosion or the quality of the conditions of preservation was the
study of a proﬁle column of the site of Yverdon-Avenue des Sports
(Schlichtherle, 1985). Different taxa and types of remains that could
be used as indicators for good preservation conditions were also identi-
ﬁed in later works (Jacomet et al., 1989, table 9). Worth mentioning for
such types of evaluations are theworks of Jacomet (1985) in Lake Zurich
or the research carried out in SW-Germany, at Federsee (Maier, 1995;
Maier and Herbig, 2011) or at Lake Constance (Maier, 2001).
The ﬁrst attempt to record the state of preservation of several types
of plant macroremains in a systematic way was proposed by Murphy
and Wiltshire, who designed a list of remains to describe with scores
at a sample level (Murphy and Wiltshire, 1994). A similar approach
was performed by other researchers like Vernimmen (2002), van
Beurden (2004), Brinkkemper (2006), Jones et al., 2007 and recently
(Brunning, 2013). In these cases, as in previous work of Kenward and
others (Kenward and Hall, 2000), the aim was to perform rapid evalua-
tions of the quality of preservation of wetland deposits found in large
surveys, and establish whether actionmust be taken in order to protect
these contexts from decay (as a basis for decision making for politi-
cians). In many occasions, no contextual information was available
(Vernimmen, 2002: 141).
Other criteria have been used to describe the quality of the state of
preservation of wetland deposits. Based on the taxa-spectra of seed
and fruit remains, it was possible to calculate a species richness factor
for assessing the preservation (Brinkkemper, 2006) or the ratio of
charred to non-charred remains (Vernimmen, 2002), as well as the con-
centration of plant diaspores per litre of sediment (Schlichtherle, 1985;
Jacomet et al., 1989).
In recent PhD works (Pollmann, 2014; Antolín, 2016), both preser-
vation parameters as well as sediment components were recorded in
order to combine them for taphonomic analyses. It was particularly in
the work of Pollmann (2014) where some new variables were added
to the analyses, like the presence of sponges as limnic indicators, and in-
dicators for corrosion or mechanical damages of waterlogged remains
(e.g. sensu Brinkkemper, 2006). Here, the variables were also more
clearly grouped as indicator groups (sensu Hall and Kenward, 2003;
Kenward and Hall, 1997). In the present study we will also use such a
combined approach. Other mentioned methods of evaluation like spe-
cies richness will not be used in our evaluation, since these indexes
only allow general approaches (i.e. good-medium-bad preservation)
and our aims are more speciﬁc. In fact, we know that the preservation
of both investigated sites is generally very good because they show
very high densities of subfossil remains of by far N10.000/l of sediment
(Antolín et al., 2017a; Steiner et al., 2017).
2. Materials and methods
2.1. Compilation of indicators
We compiled a total of 47 variables as potential indicators of preser-
vation, based on the above-mentioned literature and the references that
can be found in Fig. 1, Table 1 and ESM 1 (a more detailed version).
Among the selected variables, there are 24 which belong to plant re-
mains of Spermatophyta and 6 to Pteridophyta/Bryophyta, one to
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Fungi, and 12 to animal remains, including invertebrates (N: 7), ﬁshes
(N: 2) and mammals (N: 3). Some of them are of clear terrestrial origin
(N: 36), mostly anthropogenic, while others are of clearly limnic origin
(N: 8). Their classiﬁcation into anthropogenic or natural origin is based
on actualistic assumptions (the composition of natural sediments like
micrite – “lake marl” –, peat, etc.), as well as results of former studies
on lake dwelling cultural layers, taking into account possible multiple
existing routes of entry.
Variables were classiﬁed into indicators for better or worse preser-
vation and indicators for corrosion or erosion on the basis of existing lit-
erature (see citations on Table 1) and own observations. As visible on
Table 1, many of the studied variables can respond to multiple factors
and their interpretation cannot be done straightforward. Corrosion
can take place through several processes including aerial desiccation
or digestion. Fragmentation can be both due to anthropic activities
and due to erosion or sedimentary pressure. Our premise is that
most of the recorded indicators show syndepositional processes
that took place during the occupation of each settlement phase stud-
ied, at least for samples belonging to the lower and intermediate part of
a cultural layer. The upper part of a cultural layer can have suffered
more important postdepositional processes (see e.g. Bleicher and
Schubert, 2015).
Indicators for good preservation 
Low corrosion (PR-Group 1) Low erosion (PR-Group 3) 
Indicators for less good or bad preservation 
High corrosion (PR-Group 2) High erosion (PR-Group 4) 






28 29 30 32 38 40
44 45
Fig. 1. A selection of the indicators compiled in Table 1 and considered in this work. The numbers correspond to those in Table 1.
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2.2. Recording methods used for the present study
A review of themethods used for recording preservation parameters
in previous work can be found in ESM 2. For this study, variables
were semi-quantiﬁed. Two scales of semi-quantiﬁcation were used
(Tables 1 and 2). The ﬁrst was developed by us, and aimed to record
the presence and abundance of preservation parameters. It should
1) record materials, which were rare but signiﬁcant (e.g. well-
preserved leaf fragments) in a fraction, or
2) the signiﬁcance of a particular type of remain within the totality of
remains of a taxon (e.g. complete spikelet forks of Triticum dicoccon
among the total chaff remains of this taxon).
This semi-quantiﬁcation was done in a scale of 1-3-9, where 1 = a
few (1–3 items), 3 =more than a few and 9 = a lot (dominant within
the fraction or taxon). We did not look at the single items in detail (in
contrast to some previous studies). This method is similar to the one
used by other authors to semi-quantify the abundance of plant
macroremains in samples (Kenward and Hall, 1995: 459).
A second type of scale based on the Bullock scale (Bullock et al.,
1990) was established. This scale aimed to give to each component an
approximate proportion of the total fraction. For this reason, it was
only useful for components which were quite frequent in the samples.
Three degrees of semi-quantiﬁcation were deﬁned, where 1 = up to
5%; 3 = 6–30%; 9 = N30%. After running some initial tests (Jacomet,
unpublished), it was decided not to use more precise semi-quantiﬁca-
tion scales in order to avoid inconsistencies between different analysers
or even by the same researcher from sample to sample. Not taking such
margins of error into consideration would be unrealistic.
The semi-quantiﬁcation was done under the binocular, and checked
several times during the analysis. Some variables were only recorded in
one of the fractions (SEM 1, Table 1). When one variable was recorded
in two different fractions, different values were sometimes obtained.
In such cases, the highest number was taken when using our own
scale and the most relevant fraction was used when using the Bullock's
scale (Table 1).
2.3. Evaluation methods and illustration of the results used in the present
study
For this paper, in order to present the results in a comprehensive
manner, variables were classiﬁed into four preservation-groups (from
now on called PR-groups) according to their relation to corrosion pro-
cesses (PR-groups 1 and 2) or erosion agents (PR-groups 3 and 4). PR-
groups 1 and 3 are considered indicators of good preservation, while
PR-groups 2 and 4 are considered to show bad preservation (Table 1).
For plant remains, only the content of the organic “light” fractionwas in-
vestigated, not the heavy inorganic fraction. The recorded insect re-
mains were analysed more in detail by M. Schäfer (IPAS) (Schäfer,
2017) but theywere included in our list of variables to test if a rough re-
cording could help to deﬁne meaningful trends in preservation
conditions.
All data were entered in the ArboDat database (© Kreuz & Schäfer,
2016), by adding new codes for preservation parameters and sediment
component classes. Ubiquity (percentage of the total amount of samples
in which a variable was recorded) was calculated for each variable ac-
cording to the different classiﬁcation criteria of samples (see below).
First, ubiquity was based on the sole presence of a variable; secondly,
only variables described as abundant (with a 3 or a 9 score) were
taken into consideration. Variables that appeared less than 10 times (ei-
ther taking presence/absence or abundance into account)were not con-
sidered for calculations for being too rarely recorded. The resulting
tables can be found in ESMs 3, 4, 5 and 6.
The ubiquity of the recorded variables was calculated after the fol-
lowing sampling grouping (S-groups) criteria:
- sediment type (mainly organic, loamy, sandy, micrite, or organic
micrite (organic sediment mixed with micrite)) (see sediment
types in Ismail-Meyer et al., 2013);
- locationwithin the settlement (lake-side Vs. land-side (for ZGRI also
middle), and only for ZHOPE: north vs. south, inside vs. outside con-
structed features); and
- location within the stratigraphy (ZHOPE: base, medium, top of the
occupation phase, representing one settlement layer; for ZGRI
three sequences of base, medium and top samples were deﬁned in
the three superimposed settlement layers separated by organic
micrite layers (possibly ﬂooding events) composing altogether one
occupation phase).
Correspondence Analysis (CA) of the ubiquity values calculated for
each variable and considering the different S-groups mentioned above
was used as a tool to explore the correspondence between these and
single variables, as well as between PR-groups and the actual distribu-
tion of the variables (used to deﬁne new CA-groups). It was considered
that the whole methodology would be more powerful in identifying
trends according to S-groups than studying samples separately, particu-
larly taking into account that each sample contains a different set of re-
mains and therefore some variables can be quantiﬁed and others
cannot. First the analysis was done based on presence/absence of the
variables to maximize the number of samples considered and at a sec-
ond stage with only variables described as abundant in order to make
more precise interpretations of the most clear trends. The preliminary
preservation groupings (PR-groups) were used to interpret the associa-
tion between variables and S-groups (top, base, organic, loam, etc.) but
the CAwas used to redeﬁne these groups too (CA-groups), by observing
how variables grouped in the graph in both sites. The software usedwas
Past (Hammer et al., 2001). Detrended Correspondence Analysis (DCA)
was also produced with the software Past in order to prove that there
was no major arch effect affecting the interpretation of the second
axis of CA graphs (ESM 7).
2.4. Speciﬁc methodology used for Zürich-Parkhaus Opéra (ZHOPE), layer
13
The Neolithic lake dwelling site of ZHOPE (Zürich, Switzerland) was
excavated during 2010 and 2011 (Bleicher and Harb, 2015). This study
is based on the samples from layer 13 (Horgen culture, dendrodated
to 3176–3153 BC, representing one settlement phase of no more than
25 years (Bleicher and Burger, 2015). This so-called cultural or settle-
ment layer consisted of different sediment types (mostly organic sedi-
ments, but also loam-rich samples, samples with micrite or sand are
present, as well as samples from a burnt layer) and its thickness (be-
tween 8 and 32 cm) is not homogeneous across the site, being much
thinner towards the northwest (Fig. 2). The surface of the excavated
area was around 3000 m2. A total number of 27 constructed features
and a fence were identiﬁed through dendrochronological analyses
(Bleicher and Burger, 2015). It must be highlighted, though, that the
sampling andpartly the analysiswere donebefore the origin of the sam-
ples, the location of archaeological features and house plans were
known (Fig. 4).
Table 2
Two semi-quantiﬁcation scales used in this work.
Semi-quantiﬁcation scales
Value Own scale Scale based on “Bullock's scale”
1 A few (1–3 items) Up to 5%
3 More than a few 10–30%
9 A lot Over 40%
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The sampling and sieving strategy was described in previous publi-
cations (Antolín et al., 2015, 2016, 2017a, b; Steiner et al., 2015,
Steiner et al., 2017). Large surface samples were taken from all over
the excavated surface, following a m2 grid (interval sampling). These
samples followed the inner stratigraphy of the cultural layer only
roughly (in contrast to ZGRI, see Section 2.5) and were therefore
assigned to different parts of the layer (base, intermediate and top posi-
tion) after their recovery, relying on the ﬁeld documentation (a sort of
rough SU – stratigraphic units – were given to the different parts of
the cultural layer). In total, 256 samples with a total volume of almost
1000 l were investigated (average sample volumes of 3.8 l) (Fig. 4).
All volume measurements were taken with the displacement method,
as recommended in a previous work (Antolín et al., 2015). The samples
were sieved using the wash-over method (Hosch and Zibulski, 2003)
after a freeze–thaw pre-treatment (Vandorpe and Jacomet, 2007).
Sieve mesh sizes were N2 mm (for all samples) and 0,35 mm for 123
of them.
ArcGis (ESRI, 2010) was used to represent on the site plan the
semiquantiﬁed values of the studied variables to allow a more accurate
approach to their distribution within the site.
2.5. Speciﬁc methodology used for Zug-Riedmatt (ZGRI)
The Neolithic lake dwelling site of ZGRI was discovered 2006 in a
depth of about 6m under the present-day surface. The site was situated
next to the lake Zug and in the delta of the river Lorze (Zug, Switzerland,
Fig. 2). In 2008, a small part of only 64 m2 of the settlement (which is
estimated to have had an extension of 2600–3500 m2 in total) was ex-
cavated because of planned building activities. The occupation phase
is so far only roughly dated to 3250–3100 BC (Horgen culture) and
the exact duration of the occupation phase is not exactly known, but it
might be more than 50 years (pers. comm. E. Gross). The stratigraphy
consists of three “cultural or settlement layers” (representing 2 or 3 set-
tlement phases) which are separated by organic micrite layers. It is in
total up to 1.3 m thick and contains a complex sequence of organic,
loam, sand and ash layers and it is embedded in micrite (Ismail-Meyer
et al., submitted for publication) (Fig. 5). The location of houses (or
parts of houses within the small excavated area) is not yet determined
because until now no dendrodates are available; therefore our investi-
gations concentrated more on the stratigraphic sequence and its ta-
phonomy. Worth mentioning is a special feature, a bone midden,
found within the excavated area, most probably lying below a house
(Billerbeck et al., 2014).
In contrast to ZHOPE, the analysis was mainly based on samples of
proﬁle columns (monoliths), which are the most suitable sampling
strategy when a thick stratigraphy is present (e.g. Jacomet, 2013). The
proﬁle columns were taken in narrow intervals over the exposed sur-
face (Fig. 5). Five stratigraphic sequences were chosen for analysis, lo-
cated in each corner and in the middle of the excavated area (Fig. 5)
and stretching along a transect from lake to the land. The proﬁle col-
umns were then separated into (micro-)layers in the most detailed
way possible in the laboratory, in close transdisciplinary collaboration
with soil micromorphologists, palynologists and archaeologists
(Ismail-Meyer et al., submitted for publication). In total, 12 proﬁle col-
umns were fully or partly analysed, resulting in 197 samples of varying
sizes (0.02–3.5 l; total sample volume was 79.25 l). The sieving and
analysing strategies were kept as close as possible to the ones of
ZHOPE (see above). However, some differences existed because the
analysis of ZGRI was started earlier. The volume measurements were
taken with the “classical method” (compare to Antolín et al., 2015),
the sieving was performed with mesh sizes of 4, 2 and 0.35 mm (com-
pare to Steiner et al., 2015) but was otherwise done in the same way.
Fig. 2. Location of the sites (maps by San Jose (Europe), Eric Gaba and NordNordWest (Switzerland)).
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The organic part of the fraction's contents (4, 2, 0.35mm)of all 197 sam-
ples was analysed. Samples consisting only of micrite or loam without
organic component were excluded from this evaluation in order to
make the results comparable to ZHOPE. Midden sediments were also
mostly excluded because they could not clearly be associated with
a settlement phase analogous to ZHOPE due to their position in be-
tween the ﬁrst and second phases. As a result, only 126 samples
were used in the analyses for this paper. Some indicators were not
recorded at the beginning of the analysis. Therefore, in this evalua-
tion, for each variable we only included samples where the corre-
sponding variable was recorded.
In analogy to ZHOPE we then classiﬁed our samples into base, inter-
mediate and top layers within the three single ‘settlement layers’ found
to be forming part of the occupation phase. As this division of the occu-
pation layer proved to be extremely difﬁcult, this classiﬁcation has to be
seen as tentative, but very likely. Organic micrite represents the top of
these ‘settlement layers’. The organic layers at the base and below any
loam layers/aggregates were deﬁned as “base” while organic samples
above loam layers/aggregates were deﬁned as “intermediate” (both in
analogy to ZHOPE). This resulted in three ‘settlement layers’ with a se-
quence of base–intermediate–top right on top of each other.
The organic micrite below the ﬁrst purely organic sample was de-
ﬁned as “below the occupation phase” (and below the ﬁrst settlement
phase) and might represent in-wash of organic material sedimented
nearby.
3. Results
3.1. Associating groups of variables to groups of samples at ZHOPE
3.1.1. CA based on presence/absence of variables
The ubiquity values for each variable according to S-groups can be
found in tables in ESMs 3 and 4. A ﬁrst CA was done based on the ubiq-
uity of the variables according to presence/absence (ESM 3). Samples
coming from a burnt layer at the top of the stratigraphy, associated
with the variables of charred grain with eroded surface and fragmented
charred grain, appeared as clear outliers (graph not shown) and this col-
umnwas consequently excluded from the analysis. The resulting graph
(Fig. 6) showed some clear patterns in the distribution of the PR-groups
(see Section 2.3). To the negative side of the horizontal axis, samples lo-
cated at the base of the stratigraphy and single layer samples were ob-
served, together with organic, mixed and samples inside house limits.
Samples to the north and the south of the settlement and to the lake
side were found very close to the centroid of the graph. Samples to
the land side appeared in this area of the graph too, showing that sam-
ples within these groups were rather similar in composition and that
their composition represents the average of the total analysed in the
graph. Apart from these groups of samples, micrite-rich samples were
also in this negative side of the horizontal axis. To the positive side of
the horizontal axis, samples found at the top and intermediate parts of
the layer were found, together with samples outside house limits.
Loamy and sandy samples appeared in this part of the axis too. To the
positive side of the vertical axis, lake-marl samples were observed, op-
posed to the rest of groups of samples. Sandy samples, as well as sam-
ples in an intermediate position and samples outside house limits also
were on the positive side of the vertical axis.
The distribution of the variables in the CA (Fig. 7) allowed the deﬁni-
tion of ﬁve CA-groups (Table 3), taking into account our a priori classi-
ﬁcation in Table 1. To the negative side of Axis 1 we found a number
of variables that indicate good preservation conditions and particularly
low corrosion (CA-group 1, red circle). Within this group, remains of
Acari (PR-group: unknown) were also found. A second CA-group was
found to the positive side of Axis 1 (pink circle). Indicators for low ero-
sion were often present in this area (e.g. large fragments of rachis of
naked wheat, large pieces of apple pericarp). At the end of the negative
side of Axis 2 another group of variables was observed (CA-group 3,
dark blue circle). This included seeds of Najas in different states of pres-
ervation (from different PR-groups) and badly preserved statoblasts of
Cristatella, all indicators for aquatic inﬂuence. At the positive end of
Axis 1, but on the negative side of Axis 2, several variables related to
bad preservation conditions (CA-group 5, purple circle), both corrosion
and erosion, were found, together with the presence of “gold dust” on
plant remains (PR-group: unknown). Finally, some other variables
were scattered around on the positive side of both Axes 1 and 2 and at
the positive end of Axis 2 (yet on the negative side of Axis 1), mostly re-
lated to erosion (eroded hazel nutshells, eroded larvae cases of Trichop-
tera, fragmented ﬁsh scales) with indicators for lack of erosion (dung of
rodents) (CA-group 4, light blue circle).
Table 3
Groups of variables observed in the CA based on p/a data (Fig. 7). Codes next to the variables correspond to those in Table 1 and Figs. 6 and 7.
Groups of variables observed in the Correspondence Analysis (Fig. 7)
CA-group 1 — red circle CA-group 2 — pink circle CA-group 3 — dark blue circle CA-group 4 — light blue
circle
CA-group 5 — purple circle
Hordeum rachis wl with hairs (2) (Dung of sheep/goat) (23) Najas seed frag. smaller than ½
(38)
Corylus shells frg., eroded
surface (32)
Corylus shells frg., surface
presenting holes (28)
Triticum dicoccon, complete spikelet
fork (14)




Cases of larvae caddis ﬂy —
eroded (40)
Sclerotia on plant remains (29)
Acari (43) Neckera crispa, stems with leaves (20) Najas intermedia/marina,
halves (45)
Dung of small animals
(rodents) (25)
Cerealia grains with degraded
surface (30)
Leaves of deciduous trees frg., blade
preserved (4)




Cerealia grain fragments (31)
Leaves of ferns (5) Dung summed (24) Golden dust on macroremains
(44)
Viscum album leaves (6) (Sclerotia (Cenococcum etc.))
(42)
Bark of Viscum album (7)
Chironomids (11)
(Insects/-fragments/Arachnida) (9)
Cereal bran, small fragments (3)
Triticum nudum, rachis frg. with
several nodes (13)
Cristatellidae with appendixes (27)
Hordeum vulgare, rachis frg. with
several nodes (12)
Maloideae, whole pericarps (16)
Cerealia chaff (all taxa) (1)
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When looking at the correspondence between variables and groups
of samples, one can see several trends. According to the position in the
stratigraphy, S-groups are clearly distinctly distributed in the CA
graph. Samples at the base of the stratigraphy are clearly connected to
CA-group 1 (red circle), that is to say, indicators for low corrosion.
Samples in an intermediate position are both connected to the group
of indicators for lack of erosion (CA-group 2, pink circle) and presence
of erosion (CA-group 4, light blue circle), showing thereforemixed indi-
cators. Samples at the top of the stratigraphy are more connected to the
indicators of lake inﬂuence (CA-group 3, dark blue circle) and corrosion
(CA-group 5, purple circle), as well as lack of erosion (CA-group 2, pink
circle). The so-called single samples appear close to the indicators for
lack of corrosion (CA-group 1, red circle) but inﬂuenced by the lake in-
dicators (CA-group 3, dark blue circle).
Concerning samples located inside or outside house limits, samples
located inside tend to group with indicators for low corrosion (CA-
group 1, red circle), while samples located outside house limits are
found closer to indicators for erosion (CA-group 4, light blue circle)
but also indicators for low erosion (group 2, pink circle). Samples to
the north and to the south of the site did not show any particular differ-
ences, being grouped within CA-group 1 (red circle). A similar observa-
tion can be done for samples located to the lake or to the land side of the
settlement, although samples located to the land side of the settlement
are also inﬂuenced by CA-group 3 (dark blue circle), showing some lake
inﬂuence.
Finally, the distribution of the samples according to sediment type
showed that organic samples are grouped in CA-group 1, with indica-
tors of low corrosion (red circle), while loamy, sandy and micrite rich
samples are inmore extremepositions in the graph.Only sandy samples
show a rather clear connection to indicators of corrosion (CA-group 5,
purple circle). Mixed samples group with organic samples.
3.1.2. CA based on the abundance of variables
The same operation was carried out based on the semi-quantiﬁed
values of ESM 4 (Figs. 8 and 9). Samples rich in sand andmicrite appear
far from the centroid of the graph, indicating a clearly different compo-
sition to the rest of S-groups (Fig. 6). Organic andmixed samples are lo-
cated to the negative side of the horizontal axis, but much nearer to the
centre, close to loamy samples and samples in an intermediate part of
the stratigraphy (the latter are almost located on the centroid of the
graph). To the negative part of the vertical axis, one can ﬁnd samples
in the northern part of the settlement and the so-called single samples.
Samples at the base of the stratigraphy appear close to samples inside
house limits, and land-side samples, all of them being to the negative
side of the vertical axis and the positive side of the horizontal one. In a
similar location but on the positive side of the vertical axis one can
ﬁnd samples located at the top of the stratigraphy and in the southern
part of the settlement.
Concerning the variables, again 5 CA-groups could be distinguished
(Fig. 9, Table 4). The central part of the axes concentrates all indicators
of good preservation, based on our a priori classiﬁcation on Table 1. In-
dicators for low corrosion (CA-group 1, red circle) seem to concentrate
to the positive part of both axes, while Najas seeds (wholes and halves;
numbers 26 and 45, respectively) concentrate on the negative end of
Axis 2 (CA-group 3, dark blue circle). Indicators for bad preservation
(light blue, CA-group 4 and purple circles (CA-group 5)) are each to-
wards the positive and the negative ends of Axis 1, respectively. Cereal
bran fragments (number 3) appear separated from other variables,
possibly grouping with indicators for low erosion (CA-group 2,
pink circle). In general, the CA-groups that were deﬁned roughly
match those identiﬁed with the help of p/a data in Table 3
(shadowed in grey in Table 4), particularly for CA-groups 1 and 3.
Some of the indicators that were grouped differently in Table 4 actu-
ally matched better our initial expectations as PR-groups (see Table
1). This would be the case of well-preserved chaff remains of
emmer and naked wheat, as well as the statoblasts of Bryozoa with
appendixes. Others did not, like complete buds, which were now
associated with CA-group 1 instead of CA-group 2, which would ﬁt
better our expectations.
Looking at the correspondence between variables and groups of
samples, we can see that samples located at the base of the stratigraphy
coincide with variables showing low corrosion (CA-group 1, red circle).
Samples in an intermediate position were grouped with indicators of
low erosion (CA-group 2, pink circle), while those in the upper part of
the stratigraphy were linked to indicators for corrosion (CA-group 5,
purple circle). The so-called single samples were connected to indica-
tors of lake inﬂuence (CA-group 3, dark blue circle). Samples in and
out of house limits were not strongly separated in the graph, being
Table 4
Groups of variables observed in the CA (Fig. 8). Codes next to the variables correspond to those in Table 1 and Figs. 8 and 9. Grey shadows indicate coincidence with p/a data (see Table 3).
Groups of variables observed in the Correspondence Analysis (Fig. 8)
CA-group 1 — red 
circle
CA-group 2 — pink 
circle






 Hordeum rachis wl with 
hairs (2)
Leaves of deciduous trees 
frg., only veins preserved 
(18)
Najas intermedia/marina, halves 
(45)
Cerealia grains with 
degraded surface (30)
Acari (43)
Viscum album leaves (6) Triticum nudum, rachis frg. 
with several nodes (13)
Najas intermedia/marina, 
complete fruits (26)
Cerealia grain fragments 
(31)
Najas seed frag. smaller 
than ½ (38)




Golden dust on 
macroremains (44)
Leaves of deciduous trees 
frg., blade preserved (4)
Triticum dicoccon, complete 
spikelet fork (14)
(Cases of larvae caddis fly 
— eroded) (40)
Maloideae, whole pericarps 
(16)
(Cereal bran, small 
fragments) (3)





Corylus shells frg., eroded 
surface (32)
Hordeum vulgare, rachis frg. 
with several nodes (12)
(Chironomids) (11)
Complete buds (19) Sklerotia on plant remains 
(29)
Leaves of ferns (5)
Dung of small animals
(rodents) (25)
Cerealia chaff (all taxa) (1)
Bryozoa with appendixes 
(27)
129F. Antolín et al. / Review of Palaeobotany and Palynology 246 (2017) 120–145
	 60	
	
both within CA-group 1 (red circle) but samples outside house limits
were also grouped with lake inﬂuence indicators (CA-group 3, dark
blue circle). Samples to the north of the site andwhere the layer is thin-
ner have a stronger link to CA-group 3 (dark blue circle), too, and there-
fore to lake inﬂuence indicators, while samples to the south of the site
are more connected to indicators of corrosion (CA-group 5, purple
circle).
Samples to the lake and the land side of the settlement were closely
located in the graph, with indicators of low corrosion (CA-group 1, red
circle) although samples to the lake side where somewhat closer to in-
dicators of lake inﬂuence (CA-group 3, dark blue circle).
Samples grouped according to sediment type were more clearly
classiﬁed in this graph. Organic andmixed samples were groupedwith-
in CA-group 2 (pink circle), the indicators of low corrosion,while loamy
andmicrite rich samples were linked to indicators of erosion (CA-group
4, light blue circle). Sandy samples were linked to indicators for corro-
sion (CA-group 5, purple circle).
3.2. ZHOPE: representation of indicator groups on the site plan
One of the variables of each of the groups identiﬁed in the CA (Table
4) that were present in the same CA-group in both analyses was plotted
with GIS on the site plan in order to see the horizontal distribution of
each variable (Fig. 10). The results are presented in three plans, one
with samples located at the base and in parts of the site where the
layer is thin (“single” samples), onewith samples located in an interme-
diate part and one with the samples located at the top of the cultural
layer. This was done on the basis of the similarities observed between
the ﬁrst two groups in the CA (Figs. 7 and 9).
Differences in the horizontal and vertical distribution of each vari-
able are clear. In general, variables belonging to CA-groups 1 and 2
(good preservation, low corrosion and low erosion) are more abundant
at the base of the layer, while the variables of CA-group 4 (signs for ero-
sion) and CA-group 5 (signs of corrosion) were less often detected yet
more abundant at the top of the layer. CA-groups 1 and 2 are also
more often present in the southern part of the settlement in all parts
of the stratigraphy. The variable of CA-group 3 (lake inﬂuence) was
more abundant at the base (particularly where the layer is thinner)
and at the top of the layer (particularly towards the lake side).
3.3. Associating groups of variables to groups of samples at ZGRI
3.3.1. CA based on presence/absence of variables
For data from ZGRI, we also performed a Correspondence Analysis
with the presence/absence data (ESM 5) and with the semiquantiﬁed
data (ESM 6) as in the case of ZHOPE.
The results of the CA for the presence/absence data can be seen in
Fig. 11. Regarding S-groups, to the negative side of the horizontal axis
but the positive side of the vertical, samples from below the occupation
phase and from the top of each settlement layer could be found, as well
as organic micrite and sandy samples (the latter very close to the cen-
troid of the graph). Samples situated towards the lake side could be
found at the negative side of both axes. To the positive side of both
the horizontal and vertical axes, far away from the centre, samples
from the base of each settlement layer could be found. Samples towards
the area closer to the land-side of the excavated area could also be found
there, but closer to the centre. To the positive side of the horizontal axis
and the negative side of the vertical axis, samples with organic or loamy
content could be found, as well as samples from intermediate contexts
and samples situated in the middle of the excavated area.
Based on the distribution of the variables, ﬁve CA-groups could be
formed (Fig. 12; Table 5). These groups consider our a priori classiﬁca-
tions in Table 1 (PR-groups). Variables indicating lake inﬂuence (CA-
group 3, dark blue circle) were grouped at the negative side of the hor-
izontal axis and the positive side of the vertical axis of the graph. The
majority of variables indicating low erosion (CA-group 2, pink circle)
mainly concentrated at the centre of the graph on the positive side of
the vertical axis. Variables indicating low corrosion (CA-group 1, red cir-
cle) weremainly grouped at the positive side of the horizontal axis. Var-
iables indicating both erosion and corrosion (CA-group 4, purple circle)
were grouped at the negative side of the both axes. One ﬁnal group of
three variables relating to erosion and corrosion (CA-group 4, light
blue circle) could be found at the positive side of both vertical and hor-
izontal axes.
Table 5
Groups of variables observed in the CA based on p/a data (see Fig. 12). Variables in bold correspond with results for p/a data of ZHOPE (see Table 3).
Groups of variables observed in the Correspondence Analysis (Fig. 12)
CA-group 1 — red circle CA-group 2 — pink circle CA-group 3 — dark blue circle CA-group 4 — light blue circle CA-group 5 — purple
circle




Cases of larvae caddis ﬂy
(Trichoptera) — eroded (40)
Fish scales,
fragmented (33)
Dung (24) Hordeum vulgare, rachis frg. with several
nodes (12)
Molluscs with a holey surface (41) Cristatellidae without appendixes (39) Acari (43)
Viscum album leaves (6) Moss, only leaves (36) Najas intermedia/marina, halves
(45)
Corylus shells frg., surface presenting
holes (28)
Sclerotia (42)
Leaves of ferns (5) Triticum dicoccon, complete spikelet fork
(14)





Neckera crispa, stems with leaves (20) Cristatellidaewith appendixes (27) Rhizomes (46)
Sphagnum leaves (10) Fish scales complete (17) (Leaves with blade preserved) (4) Moss stems without
leaves (35)
Dung of small animals
(rodents) (25)
Twigs, with bark (22)
Maloideae, whole
pericarps (16)
Leaves of deciduous trees frg., only
veins preserved (18)
Twigs without bark (37) Bud scales (34)
Complete buds (19) Insects (9)
Cereal bran (3) Moss, stems with leaves (21)
Twigs of Viscum album (8) Cerealia chaff (all taxa) (1)
Hordeum rachis wl with
hairs (2)
Chironomids (11)
Dung of sheep/goat (23)
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The CA-groups of variables coincide partly with the distribution of
the S-groups of samples. Concerning the stratigraphic location of the
samples, samples below the occupation phase and at the top of each
‘settlement layer’ fall within the distribution of indicators of lake inﬂu-
ence (CA-group 3, dark blue circle), while samples located in an inter-
mediate position in the single ‘settlement layers’ group with indicators
for corrosion and erosion (CA-group 5, purple circle) and of low corro-
sion (CA-group 1, red circle), thus showing mixed indicators. Samples
at the base of each ‘settlement layer’ appear separate from the rest.
They are probably linked to indicators of good preservation conditions
(CA-group 1, red circle) and indicators for erosion (CA-group 4, light
blue circle), but the connection is not as clear as for the rest of the CA-
groups. Regarding the location of the samples in relation to the lake,
samples on the land side grouped with indicators for high erosion
(CA-group 4, light blue circle), while samples from the middle grouped
with indicators for corrosion and erosion (CA-group 3, purple circle) but
also with good preservation (CA-group 1, red circle), while samples to-
wards the lake side grouped only with indicators of corrosion and ero-
sion (CA-group 5, purple circle). Sediment types were also distinctly
distributed in the graph,with a clear difference between organicmicrite
samples and to a lesser extent sandy samples,which groupedmorewith
indicators of lake inﬂuence (CA-group 3, dark blue circle), and organic,
which grouped more with indicators for low corrosion (CA-group 1,
red circle). Loamy samples grouped with indicators of corrosion and
erosion, as well as with indicators of good preservation (CA-group 1,
red circle).
3.3.2. CA based on the abundance of variables
The results of the CA, based on the semiquantiﬁed data can be seen
in Fig. 13. Concerning S-groups, to the positive side of the vertical axis
and the negative side of the horizontal axis, again far away from the cen-
tre, samples from the base of each ‘settlement layer’ could be found. To
the negative side of both axes, samples from below the occupation
phase and from the top of each ‘settlement layer’ could be found, as
well as samples consisting of organic micrite and samples situated
more towards the lake. To the positive side of both horizontal and ver-
tical axes, land-side, loamy and organic samples could be found. To
the negative side of the horizontal axis but the positive side of the ver-
tical axis, sandy and intermediate samples and samples situated to-
wards the middle of the excavated area could be found.
Based on the distribution of the variables, four clear CA-groups could
be formed, while the ﬁfth “group” was only represented by one indica-
tor (Fig. 14; Table 6). These groups take into consideration our a priori
classiﬁcations in Table 1 (PR-groups). Variables indicating lake inﬂu-
ence (CA-group 3, dark blue circle) were grouped at the negative
side of both axes of the graph. Variables indicating low erosion
(CA-group 2, pink circle) mainly concentrated at the centre of the
graph at the negative side of the vertical axis. Variables indicating
low corrosion (CA-group 1, red circle) were mainly grouped at the
positive side of both axes. Variables indicating corrosion (CA-group
5, purple circle) were grouped at the negative side of the horizontal
but the positive side of the vertical axis. A last “group” with only one
variable related to erosion (CA-group 4, light blue circle with a
dashed line) could be found at the positive side of the horizontal
but negative side of the vertical axis.
The ﬁve CA-groups of variables aligned with slightly different pat-
terns to those observed with the help of p/a in Fig. 12 and with a
much better correspondence between S-groups (Fig. 14, Table 6). Re-
garding the stratigraphic position of the samples, samples below the oc-
cupation phase and at the top of each ‘settlement layer’ showed a good
correspondence with CA-group 3 (dark blue circle, indicators for lake
inﬂuence),while samples in the intermediate parts of the cultural layers
are both connected to indicators for corrosion (CA-group 5, purple cir-
cle) and good preservation (CA-group 1, red circle) thus showing
Table 6
Groups of variables observed in the CA (Fig. 14), based on semi-quantitative data. Codes next to the variables correspond to those in Table 1 and Fig. 14. Variables in bold correspondwith
the results of ZHOPE for sq. data (Table 4), variables that are shadowed in grey correspond to the results for p/a data in ZGRI (Table 5).
Viscum album leaves 
(c. minimum 5 x 5 
mm) (6)
Triticum nudum, rachis 












Hordeum vulgare, rachis 





Cerealia chaff (all 
taxa) (1)
Chironomids (11) Cristatellidae with 
appendixes (27)
Moss, only leaves 
(36)
Sphagnum leaves (10) Triticum dicoccon, 
complete spikelet fork (14)
Bud scales (34)
Hordeum rachis wl 
with hairs (2)






Complete buds (19) Roots (47)
Dung (24) Twigs, with bark (22) Sclerotia (42)
Leaves of deciduous trees 
frg., only veins preserved 
(18)
Twigs without bark (37)
Insects (9)
Moss, stems with leaves 
(21)
Cerealia bran (3)
Groups of variables observed in the Correspondence Analysis (Fig. 14)
CA–group 1— red 
circle
CA–group 2 — pink circle CA–group 3 — dark 
blue circle
CA–group 4 — 
light blue circle 
CA–group 5 —
purple circle
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mixed indicators. Samples at the base of each settlement layer corre-
spond with low erosion (CA-group 5, pink circle) but also one indicator
for erosion (CA-group 4, light blue circle). Sample groups according to
their location in relation to the lake grouped differently. Samples situat-
ed more closely towards the lake grouped more with indicators for low
erosion (CA-group 2, pink circle). Samples situated in the middle of the
excavated area grouped with CA-group 5 (purple circle, corrosion) and
samples situated towards the land groupedwith CA-group 1 (red circle,
good preservation conditions). Sediment types provided clearly differ-
entiated groups: organic and loamy samples grouped with indicators
for low corrosion (CA-group 1, red circle), while sandy samples showed
a correspondence with indicators for corrosion (CA-group 5, purple cir-
cle) and organic micrite samples grouped with indicators for lake inﬂu-
ence (CA-group 3, dark blue circle).
4. Discussion
4.1. Preservation indicator groups: a ﬁrst proposal
We presented two case studies that yielded partly different results,
but several coincidences. Of the 47 variables considered, 30 of them ap-
peared to provide consistent links to certain groups of variables (CA-
groups) that can be used to understand layer formation processes at a
site scale (Table 7). The most stable variables of CA-group 1 (Table 7)
belong mostly to the variables included in PR-group 1 as indicators for
low corrosion in our a priori classiﬁcation (Table 1). The only exceptions
are, on the one hand, complete pericarps of Maloideae, which were ini-
tially considered to bemore likely indicators of lowerosion butmight be
in fact also indicators for low corrosion conditions; and, on the other
hand, the presence of dung of herbivores, which despite being initially
classiﬁed in PR-group 3 (low erosion), was connected to this group in
both sites.
CA-group 2 was mostly associated with variables connected to PR-
group 3, that is to say, indicators for low erosion. The only exception
were insect remains (including chironomids), both originally grouped
in PR-group 1 (low corrosion). It is difﬁcult to explain why insect re-
mains were grouped with the low erosion group of variables. The
most likely explanation is that they probably indicate both, low erosion
and low corrosion.
CA-group 4 was only characterized by one variable in a consistent
way: eroded cases of larvae of caddis ﬂy (originally in PR-group 4,
with indicators of high erosion). Eroded hazelnut shells (in ZHOPE)
and statoblasts of Cristatellidae without appendixes, also originally in
PR-group 4,were also found in this CA-group 4. It seems therefore likely
that the presence of CA-group 4 speaks for some kind of erosion, maybe
by wave action, but, in general, this group seemed to be difﬁcult to de-
ﬁne (esp. in the case of ZGRI).
CA-group 5 was characterized by 5 variables, most of them belong-
ing to the PR-group of unknown indicators, along with one variable of
PR-group 4 (connected to high erosion), which is moss stems without
leaves. We therefore consider that Sclerotia of Fungi, Acari, Roots and
Golden dust on macroremains should be grouped with PR-group 2, as
indicators of presence of corrosion. Hazel nutshells with a surface pre-
senting holes (PR-group 2) were also linked to this group according to
presence/absence data at ZHOPE but this variable was relatively rarely
recorded at both sites and so it could not be included in the rest of the
analyses. This means that both investigated layers were too well pre-
served for the presence of this type of remains. However, we still
would like to consider corroded hazelnut shells as signs for strong cor-
rosion. In a previous investigation at a Late Neolithic lakeshore site in
Risch (near the Riedmatt-site at Lake Zug) we found that this variable
is a good indicator for the drying out of an originally wet layer
(Jacomet, unpublished). In this case study parts of a formerly well-pre-
served organic settlement layer became dry because the level of Lake
Zug was lowered artiﬁcially up to 2 m in 1591. We could observe
there the inﬂuence of different degrees of dryness on hazelnut remains,
which appeared more eroded landwards.
Charred cereal grains with a degraded surface were originally in PR-
group 4, considered indicators of erosion. They grouped with CA-group
5 according to presence/absence analysis at ZHOPE but the use of
semiquantiﬁed data allowed reclassifying these variables as indicators
of erosion (in CA-group 4). Charred grains were underrepresented in
the samples of ZGRI, probably because of their small volume (see
Antolín et al., 2017b) and therefore the variables related to them were
not included in the statistical analyses. Charred grains and corroded
hazel nutshells should continue to be recorded in future analyses of
sites where large-volume samples (N3 l of sediment) were taken,
even though they were not able to provide relevant patterns in these
two case studies.
Finally, as already observed in the chapter of results, another CA-
group (CA-group 3) was identiﬁed at both sites. Some indicators that
had to do with aquatic factors (Table 2), namely seeds of Najas and
statoblasts of Bryozoa (sometimes well-preserved ones, other times
badly preserved ones), formed a group themselves (CA-group 3). That
is clearly a sign of aquatic inﬂuence (presence of water and possibly of
erosion by water). The types of aquatic plant seeds (namely Najas:
wholes, halves and fragments N1/2) seem not to play different roles,
in contrast to our expectations (e.g. fragmented Najas=more erosion).
This means that in the future parameters regarding the remains of
aquatic plants do not need to be recorded as indicators because they
Table 7
List of variables consistently grouped in the same CA-groups of variables in ZHOPE and ZGRI. Variables in brackets were only consistently found in the same group in one of the sites.
Groups of variables deﬁned at ZHOPE and ZGRI with the use of Correspondence Analysis
Group 1 — red circle (low
corrosion)
Group 2 — pink circle (low erosion) Group 3 — dark blue circle
(water inﬂuence)
Group 4 — light blue circle (erosion
present)
Group 5 — purple circle
(corrosion present)
Bark of Viscum album (7) Neckera crispa, stems with leaves (20) Najas intermedia/marina,
complete fruits (26)
Cases of caddis ﬂy larvae
(Trichoptera) — eroded (40)
Acari (43)
Viscum album leaves (c.
minimum 5 × 5 mm) (6)
Leaves of deciduous trees frg., only
veins preserved (18)
Najas seed frag. smaller than
½ (38)
(Corylus shells frg., eroded surface)
(32)
Sclerotia (42)













Hordeum rachis wl with hairs (2) Insects (9) (Moss, stems without leaves)
(35)
Maloideae, whole pericarps (16) (Chironomids) (11) (charred cereal grains with
eroded surface)




(Dung) (24) (Moss, stems with leaves) (21)
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are already recorded as diaspores (fully quantiﬁed) and they do not
seem to contribute to understand processes of erosion/corrosion, but
other important taphonomic processes such as water as taphonomic
agent — as already supposed in earlier works based on “traditional”
groupings (e.g. Jacomet, 1985; in the case of ZGRI there might in addi-
tion be an inﬂuence of the river Lorze butwe are not yet able towell de-
ﬁne “typical” riverbank associations).
The list of variables and indicator groups presented in Table 7 (ex-
cluding CA-group 3 if plant macroremains are analysed at the site)
might be themost useful ones in future studies, together with corroded
hazel nutshells and eroded charred grains (variables 28, 30 and 31 of
Table 1). This needs to be proven on a site scale and adapted if
necessary.
4.2. Which is the best method to quantify the variables?
Two recordingmethodswere used to calculate ubiquity percentages
of each variable to evaluate taphonomic processes (erosion and corro-
sion) affecting the anthropogenic layers of ZHOPE and ZGRI. Values
based on presence/absence allowed including more variables than by
using the semi-quantitative method, since some variables were never
recorded as abundant or very abundant.
By having a look at Fig. 15, we can observe some similarities, but also
some discrepancies in the associations between groups of samples (S-
groups) and groups of variables obtained from the CA performed. On
most of the occasions, the results between both methods of quantiﬁca-
tion were comparable. Nevertheless, presence/absence analysis did not
always work out satisfactorily at ZHOPE, since two sample groups
(loamy and micrite-rich samples) were not possible to associate with
any CA-group of variables, while the semiquantitative evaluation did
yield better links between S-groups and CA-groups. In general, semi-
quantitative values gave more straightforward patterns. This was also
evident at ZGRI. We also used semiquantitative data for the representa-
tion of the results at sample level in GIS plans (Fig. 10); andwe also per-
formed in a previous publication a preliminary evaluation of several
samples organized in transects for ZHOPE, which allowed a comparison
of single samples (instead of sample groups) and single variables (in-
stead of PR-groups or CA-groups) (Antolín et al., 2017a). The potential
of the methodology here is therefore much larger than what has been
presented here, and semiquantiﬁcation has been useful for this purpose.
Semiquantiﬁcation is also important when evaluating the data using
statistics. As the effort of semiquantiﬁcation and recording presence/ab-
sence is similar, we would suggest the use of the former method, which
can easily be simpliﬁed should it be necessary in order to include more
variables. Our recording method is time saving compared to other
methodologies known from the literature (based on recording individ-
ual items, e.g. Jones et al., 2007). Our results show that it yields never-
theless excellent results.
4.3. Preservation at a site scale: disentangling the cultural layer
The presented results clearly show that the preservation of the cul-
tural layers in both sites was, in general, extremely good (as already
mentioned), but not homogeneous. In this sense, indicators for good
preservation conditions usually clustered around the centroid of the
CA graphs, which means that these indicators were common to most
sample groups. Nevertheless, indicators of more variable preservation
conditions were found in connection to certain sample groups. We
will now compare both case studies with the aim of identifying some
common trends that can help us to better understand preservation in
organic cultural layers like the ones we are dealing with. However, it
is possible that the differences observed between both sites are also
due to the fact that the stratigraphy at ZHOPE was not considered in
such a detail as in ZGRI (see Sections 2.4 and 2.5).
Taking the position of the samples in the stratigraphy into account,
we could observe some coincidences between the results of ZHOPE
and ZGRI (Fig. 15). At ZGRI, samples right below the ﬁrst settlement
layer of the whole occupation phase were analysed because they
were found to contain cultivars and other anthropogenic indicators
(Steiner, 2017). These were clearly associated with CA-group 3,
which is mainly consisting of indicators of aquatic inﬂuence. This
proves that these layers were more strongly inﬂuenced by water,
most probably the lake (and not the river). The cultivars and other
plants of anthropogenic origin could have arrived to this spot
transported by water, or they could simply correspond to a ﬁrst
settlement horizon.
Samples at the base of the three ‘settlement layers’ at ZGRI and at the
base of the cultural layer 13 at ZHOPE were primarily connected to CA-
group 1 (indicators for low corrosion) at ZHOPE and ZGRI, but at least
partly also to CA-group 4 (indicators for erosion) and CA-group 2 (indi-
cators for low erosion) at ZGRI; the latter are mainly connected to the
presence of water (e.g. Cristatellidae without appendixes and eroded
larvae cases of Trichoptera). In ZGRI, only the lowermost part of the
ﬁrst of the three settlement layers contains higher amounts of aquatic
indicators (Steiner et al., 2017). Therefore, it remains unclear if these
should be interpreted as presence of some erosion in this part of the
stratigraphy at ZGRI. If so, this would show different kinds of formation
processes at the beginning of a settlement phase, at least in one of the
settlement layers at ZGRI.
Intermediate layers within the whole cultural layer 13 at ZHOPE
were associatedwith CA-group 2 (indicators for low erosion) and partly
to CA-group 4 (indicators for erosion), while in the 3 settlement layers
at ZGRI, they were more clearly linked to CA-group 1 (indicators for
lack of corrosion) and CA-group 5 (indicators for corrosion). This
opens at least two possibilities regarding the formation of intermediate
layers in such deposits: ﬁrstly, the appearance of contradictory indica-
tors could show that intermediate layers are not as well preserved, in
general, as layers at the basis of a ‘settlement layer’ and that more cor-
rosion/erosion takes place. Secondly, it could also be showing that inter-
mediate layers are more difﬁcult to interpret as indicators for
preservation because they can partly integrate a lot of remains that
were originally part of the construction walls of the houses or material
lying on the ﬂoors of houses for some time, together with deposits
that can be considered more similar to those that produced the basis
of the cultural layer at this particular spot.
Layers at the top of the stratigraphy of settlement layer 13 at ZHOPE
were clearly connected to CA-group 5 (corrosion indicators; but also
partially to CA-groups 2 (low erosion) and 3 (water inﬂuence)), while
the top of the 3 settlement layers at ZGRI the correspondencewas stron-
ger with CA-group 3 (water inﬂuence). In any case, in both instances
there is evidence that the surface of the settlement layers was affected
by different agents (e.g. the lake) that could have impoverished the
preservation conditions of the layer (more erosion/corrosion). This
might be in connection to the abandonment of the site and the lack of
new material being deposited on the cultural layer, leaving the surface
of the layer exposed to erosion from the lake (see also Bleicher et al.,
2017) or – in the case of ZGRI – by the river Lorze.
The last group of samples regarding stratigraphy concerns the sam-
ples at ZHOPE that came from parts of the site where layer 13 was thin-
ner (in the northern part; see Figs. 3 and 10). These samples show a
connection to CA-group 3 (aquatic inﬂuence) and also partly to CA-
group 1 (low corrosion). This proves that the preservation of this part
of the layer is good (similar to the samples at the base of the layer)
but at the same time there are indicators of lake inﬂuence. This could
be due to several reasons: contamination from the upper layer of
micrite (due to the rather rough sampling method applied); or due to
an erosion event (ormore than one) of presumablyﬂuvial origin that af-
fected this part of the site and eroded the upper part of the layer, which
would explain why the layer is thinner yet well-preserved at the same
time (as suggested in Bleicher, 2017; see also below).
Regarding preservation according to the location of the samples
within the site, we could work out some interesting conclusions, too:
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Concerning ZHOPE, samples located within the limits of constructed
features were connected to CA-group 1 (low corrosion), while samples
located outside of these limits presented mixed indicators of erosion
and corrosion (but also of good preservation conditions). This could in-
dicate that samples outside of these constructed features were more
prone to suffer erosion and corrosion in comparison to samples within
the limits of these constructions. This could be due to several reasons.
The piles of the houses could have contributed to the protection of the
remains against some processes like erosion; or maybe the rates of de-
position of rubbish where much higher underneath house ﬂoors than
around them, which ended up in a much faster embedding of the re-
mains and their better preservation (see also Bleicher, 2017).
Differences between samples located to the north or to the south of
the site were not very pronounced, although samples to the north
seemed to be more inﬂuenced by the lake (this is the part where the
layer is thinner) and samples to the south seem to have suffered more
corrosion, since they are also connected to CA-group 5 (corrosion indi-
cators; Fig. 12).
Samples were classiﬁed according to their location with respect to
the lake for both ZHOPE and ZGRI. Samples to the lake side showed a
greater connection to CA-group 3 (the limnic indicators) at ZHOPE,
which is in accordance to our expectations. At ZGRI, lake-side samples
were more connected to CA-group 5 (corrosion) and CA-group 1 (lack
of corrosion). These apparent discrepancies might be due to the small
area investigated at Zug-Riedmatt. Samples to the land site of the settle-
ment showed a correspondence to CA-group 1 (low corrosion) for both
sites, but also to CA-group 4 (presence of erosion) at ZGRI and to CA-
group 3 (aquatic inﬂuence) at ZHOPE. Indicators of lake inﬂuence land-
wards at ZHOPE have been recently interpreted as signs of the existence
of a driftline that crossed the site from north to south (Bleicher et al.,
2017). This means that more corrosion could have taken place in this
part of the settlement of ZHOPE,which could suggest a different dynam-
ic to that observed to the lake side, maybe indicating short episodes of
decay — maybe during phases of lower lake level in winter (see also
Bleicher et al., 2017).
Concerning sediment types, organic samples were linked to CA-
groups 1 (low corrosion) and 2 (low erosion) at ZHOPE and CA-group
1 (low corrosion) at ZGRI (Fig. 12). This is the sediment type that
shows the best preservation conditions at both sites, which ﬁts with
our expectations. In contrast, loamy and sandy samples (particularly
the latter) were connected mostly to CA-group 5 (high corrosion) at
both sites. Loamy samples were also connected to CA-group 1 (low cor-
rosion) at ZGRI and CA-group 4 (erosion) at ZHOPE. These samples
seem to present worse preservation conditions in a consistent way.
Sand might represent transformed layers (drying?) or even inﬂuence
by a river. Sand is also typically accumulated in littoral zones, where
preservation conditions are worse (Ismail-Meyer et al., 2013). Loam
could give mixed signals because it was exposed to open air conditions
Fig. 3. House plans and thickness of layer 13 of ZHOPE (Antolín et al., 2016).
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for a longer time and could containmore degraded plantmaterial, but at
the same time, remains embedded in loam are sealed from oxygen
quickly.
Mixed samples at ZHOPE show good conditions of preservation.
These were organic samples with an important content of micrite.
This mixture could be due to the contamination of the layer with
over- or underlying layers ofmicrite during sampling. They can be treat-
ed as organic samples in any case concerning preservation conditions.
Finally, samples rich in micrite at ZHOPE are linked to CA-group 4,
indicating a connection with erosive processes. Since many of the
micrite-rich samples are found in the uppermost part of the layer, one
should not discard the possibility that we are not only documenting
an increase of erosion but a sudden decrease in the deposition rate. In-
stead, the so-called organic micrite samples of ZGRI show a correspon-
dence with CA-group 3, they contain more aquatic plants than other
layers (Steiner et al., 2017). This would suggest that these layers could
be the result of ﬂooding episodes or hiatuses, during which more natu-
ral components could enter the sediment (e.g. due to less anthropogenic
organic input).
4.4. Preservation indicator groups as tools to approach the dynamics of lay-
er formation processes
With this information, what can be said about the formation of the
cultural layer at ZHOPE and ZGRI? Following the models for layer-for-
mation proposed by Bleicher and Schubert, 2015; see Table 8), one
could speculate that our case study would resemble the ﬁfth scenario,
also called the “Pfahlbau-scenario”, i.e. with houses located on perma-
nently present shallow water. This idealised scenario deliberately
denies postdepositional effects in order to focus on the chemical ques-
tions of preservation. According to this model, by a constant supply of
high amounts of nutrients, mainly organic household refuse (vegetable
materials, but also bones,ﬂeshy parts etc.) anoxia below and in between
the houses is developed soon (during the ﬁrst years) and continues dur-
ing the whole period of occupation of the settlement. This would in-
volve excellent preservation of the plant material dropped into the
water and it would mean that once anoxia developed, almost all years
of settlement would be represented and well-preserved in the layer. It
also would explain why aquatic plants (also such of very eutrophic
stands like Ceratophyllum demersum) are very regularly present in the
settlement layers (except maybe in intermediate layers containing
building/refuse material dropped in bulk). This is indeed the case for
ZHOPE, but not consistently for ZGRI. In the latter case, only in the low-
ermost settlement layer, we see comparably high amounts of aquatic
plants, whereas the two upper settlement layers don't show this pat-
tern; they instead contain large amounts of plants typical for the
eulittoral zone of the lake's shore, pointing to the fact that the settle-
ment was located more landward of the zone of permanent water
(Steiner et al., 2017). Such a pattern was also observed e.g. at the
AKAD-Seehofstrasse site (Jacomet, 1985). This fact would then rather
ﬁt with the 4th scenario of Bleicher and Schubert (2015; Table 8). How-
ever, aside from the organicmicrite layers, we could not detect interme-
diate horizons of heavy decay as supposed in this scenario. Such
horizons have been observed in other lakeshore settlement investiga-
tions at Luokesa Lake (Lithuania) (Pollmann, 2014: 115–118). Maybe
it is necessary to consider also alternative scenarios from peat accumu-
lation research (see e.g. Ismail-Meyer et al., 2013); such scenarios are
not included in Bleicher & Schubert's models, but might make sense
Fig. 4. Distribution of the analysed samples (yellow and red dots) from layer 13. Red dot samples were analysed until 0,35 mm. In several cases, more than one sample from the same
square was analysed, representing different parts of the cultural layer (Antolín et al., 2017b).
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too, considering what we know from archaeobotanical research (e.g.
in the Federsee area in SW-Germany; e.g. Maier, 1995; Maier and
Herbig, 2011). As long as no better interpretation bases exist (in
terms of modern experiments, which are empirically evaluated)
we cannot ﬁnd a general explanation for the formation processes
of cultural layers at lakeshores. We see, however, that different
scenarios have most probably to be taken into account when looking
at these settlements.
Our results show also that preservation conditions were not totally
the same for all deposits, since it was observed that sandy samples
were exposed to other taphonomic factors, partly connected to their
previous history before being deposited on the bottom of the lake (ei-
ther use as construction material or being transported by wave action
or a river). We also observed different degrees of aquatic inﬂuence in
the samples according to their location in the site and in the stratigra-
phy. Probably very soon after abandonment, erosive processes affected
the upper part of the cultural layers (including the 3 superimposed set-
tlement layers at ZGRI) at both sites, butwe cannot calculate towhat ex-
tent this affected the upper part of the layer. Similar observations have
been done in other lakeshore settlement investigations, like at Luokesa
Lake (Pollmann, 2014, 114–115). Although we cannot give an exact
time span for this, we can say that at ZHOPE it must have happened
soon after the abandonment of the site because a relatively thick layer
of micrite (of ca. 15 cm) was formed on top of this cultural layer within
about 60 years, before the next settlement phase documented at the site
(Bleicher et al., 2017). It is clear, then, that erosive processes could have
taken place after the development of anoxia, affecting the representa-
tiveness of the years of occupation to the preserved cultural layer (as
presented in Table 8). This is unfortunately not predicted in the model
of Bleicher and Schubert and one option to overcome this difﬁculty is
to study the cultural layer in detail and try to identify the best preserved
parts, which could be the ones which would better ﬁt the model. And
this is what we did in our study. It is difﬁcult to calculate at the present
state of research how much of the material was eroded due to lake ac-
tion after the abandonment of each of the settlements, but it remains
clear that a large part of the original layer did not survive until the pres-
ent, at least at ZHOPE. This can be concluded on the one hand by com-
paring parts of layer 13 at ZHOPE where it is thicker with those parts
Fig. 5. Location of the analysed stratigraphic sequences of ZGRI in the 3Dmodel of the excavationwith all sampled proﬁle columns indicated. The proﬁle numbers with underlying orange
background indicate the fully or partly analysed proﬁle columns (ADA Zug, Silvia Hlavová).
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Fig. 6. CA-graph based on ESM 3 with ubiquity values per variable based on presence/absence data showing the distribution of S-groups of ZHOPE. Accumulated inertia of Axes
1 and 2: 57.3%.
Fig. 7. Same graph as Fig. 6, variables classiﬁed according PR-groups (red cross: indicators for absence of corrosion, 2 pink square: indicators for absence of erosion, 3 purple circle:
indicators for presence of corrosion, 4 blue triangle: indicators for presence of erosion; 5 blue square: unclear indicators). Numbers correspond to Tables 1 and 3. Circles deﬁne the
areas corresponding to the CA-groups in Table 3: red circle: group 1; pink circle: group 2; blue circle: group 3; light blue circle: group 4; purple circle: group 5.
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where only a single organic layer has remained. Based on this, at
ZHOPE at least 2/3 of the layer are eroded in the northern part of
the excavation (Bleicher, 2017). On the other hand we know of ex-
tremely thick packages of organic layers found in other lakes in
this region (like ZGRI, but also other sites like Pfäfﬁkon-Burg, see
Eberli, 2010) which may give us an impression how thick the layers
must have been originally.
The site of ZGRI most probably experienced short ﬂooding or hiatus
episodes that allowed the formation of mostly-natural layers (organic
micrite). This could explain the identiﬁcation of organic micrite layers
(which are rather uniform over the entire excavated area), that seem
to separate three different settlement layers (the stratigraphical units)
inside a thick occupation phase that on ﬁrst sight looked like one single
layer. Their duration is, however, not known, but might be short, given
Fig. 8. CA-graph based on ESM 4 with ubiquity values per variable based on semiquantiﬁed data showing the distribution of S-groups of ZHOPE. Accumulated inertia of Axes 1 and 2:
67.47%.
Fig. 9. Same graph as Fig. 8, with variables classiﬁed according to our PR-groups. For details see legend to Fig. 7.
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that the duration of the occupation phase is considered to be between
50 and 100 years.
If scenarios 4 or 5 are applicable for our case studies, one could
calculate that 20–45% of the total cellulose mass once present in the
layer survived until present times. Depending on e.g. the time that
elapsed until anoxia developed it might even be more. This sets an im-
portant threshold to the representativeness of the archaeobotanical
data recovered. Nevertheless, this is at the moment still a speculation:
more modelling and experimental work is needed as well as a closer
collaboration between soil micromorphology and pollen analyses to
Fig. 10. Representation of selected semiquantiﬁed variables representing indicator groups deﬁned with CA (Table 4) on the site plan.
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identify yearly deposits and sedimentation dynamics. On the other
hand, the organic samples that arrived to us show excellent preserva-
tion conditions, which indicates that they have a high potential for
palaeoeconomic interpretations, always taking into account the com-
plexity of the taphonomic history of the settlement.
One question remains open. The ﬁne stratigraphic work performed
at ZGRI allowed the identiﬁcation of organic micrite layers that seem
to be either ﬂooding events or settlement hiatuses (or both). These
were not identiﬁed at ZHOPE, where no comparably detailed strati-
graphic work was performed. We cannot exclude that such episodes
Fig. 11. CA-graph based on ESM 5 with ubiquity values per variable based on presence/absence data showing the distribution of S-groups of ZHOPE. Accumulated inertia of Axes
1 and 2: 62.8%.
Fig. 12. Same graph as Fig. 11 with variables classiﬁed according to PR-groups. For further details see legend to Fig. 7.
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also took place at ZHOPE and that they were not detected in the large
surface samples, but they were also not identiﬁed in the soil micromor-
phology analyses (Pümpin et al., 2015), which probably conﬁrms that
they were not present at the site. Micrite layers were identiﬁed
lakewards of the settlement during ﬁeldwork (Bleicher and Harb,
2015, 68, ﬁg. 56). These, however, have been deposited well below the
Fig. 13. CA-graph based on ESM6with ubiquity values per variable based on semiquantiﬁed data showing the distribution of S-groups of ZGRI. Accumulated inertia of Axes 1 and 2: 60.7%.
Fig. 14. Same graph of Fig. 13, with variables classiﬁed according to our PR-groups. For further details see legend to Fig. 7. The circle with a dashed line indicates a hypothetical “group” of
one single variable.
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water table and there is no indication of a settlement hiatus, since the
settlement history has been studied in detail. In any case, these deposits
are not comparable to the organicmicrite units found in ZGRI, sowe can
conclude that similar potential short hiatuses such as those detected in
ZGRI did not take place in ZHOPE and that this is not an artefact of the
sampling strategy.
5. Conclusions
In the study presented here, preservation attributes of plant
macroremains were used to approach in a systematic way layer forma-
tion and preservation quality of two waterlogged occupation layers at
the shores of Lake Zurich and Lake Zug, dating to the late 4th mill. BC
cal. The two siteswere rather different: one (ZGRI) included amulti-lay-
ered, rather long lasting (several decennia) occupation phase, the other
(ZHOPE) a single, short term (20 years) settlement layer. Whereas the
excavation at ZGRI was very small (64 m2), the site of ZHOPE was
very large (3000 m2) and allowed detailed insights into the variation
of variables over a large surface. We compiled a series of 47 variables
as possible preservation indicators, based on the existing literature
(Table 1) and recorded them systematically (by p/a and in a semiquan-
titative way) during the analyses of the two sites. The results were eval-
uated with the help of multivariate statistics (CA).
Our results clearly show, that it is reallyworth to record such param-
eters, even if we do not exactly understand their taphonomy (for this,
modern experimentalwork is urgently needed). They give us important
insights to detect differences in the formation processes and the preser-
vation of the settlement layers, and have important implications for fu-
turework. For instance, the results show that plantmacroremains found
in intermediate layers (particularly those in so called loam-lense fea-
tures, probably remains of house construction remnants), in samples
of sandy nature and in samples located at the top of the settlement
layer(s) signs of corrosion and/or erosion are shown, and are therefore
not reliable for detailed palaeoeconomic studies (e.g. for calculating
calories consumed by the inhabitants of the settlement).
Archaeobotanical research should be based on the results of organic
(and mixed, with high organic content) samples located at the base of
a settlement layer, even when the layer is rather thin like at ZHOPE,
avoiding also loam and sand-rich samples. These types of samples
turned out to be the best preserved ones, showing very low or even
lacking signs of corrosion and/or erosion. The rest of the samples can
only be used to target particular questions (i.e. the contents of each
loam-rich feature) and they might actually contribute unique informa-
tion, e.g. if accumulations of certain remains are found (like, in the
case of ZHOPE, ﬁsh scales or acorns in the zones of rubbish heaps).
With these evaluations of preservation parameters we could also
target important questions regarding the formation processes of the in-
vestigated layers. Following previous models (Bleicher and Schubert,
2015) and considering peat formation studies, we could propose that
in some parts of the investigated sites, the organic material preserved
is at least between 20 and 45% of the originally deposited material.
This sets a threshold for future reconstructions of the diet and the econ-
omy of these groups.
We strongly recommend that this type of analyses is performed in
sites with waterlogged deposits before any further evaluation of the
palaeoeconomyof the site is carried out. A reduced list of ca. 30 variables
(Table 7) is considered to provide reliable information regarding pres-
ence or absence of erosion and corrosion at the site and should allowde-
tecting better- and worse-preserved areas within it. Recording should
be semi-quantitative.
Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.revpalbo.2017.06.010.
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Years of the occupation
that contribute the most
to the preserved layer
Stratigraphic implications
1st scenario On dry ground, at
the shore
Starting ca. 15 years
after occupation (rise
of lake level)
7–17% Last ca. 3 years Heavy-decayed lower part of the proﬁle (horizon of
inorganic ﬁnds at the bottom)
2nd scenario On dry ground, at
the shore
Starting ca. 10 years
after occupation
0–2% Last ca. 3 years







4th scenario At the shore,
seasonally ﬂooded
(summer: anoxia)








It might show good conditions of preservation during the
whole occupation, but ﬂuctuations should be expected,





Soon after the start of
the occupation
(arbitrary: 3 years)
20–40% Similar for all years after
the development of
anoxia
Good preservation of the complete layer (there could be
a horizon without cellulose at the base)
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and that there is very likely no universally valid ‘Pfahlbau 
scenario’.
Keywords Lakeshore settlement · Layer formation 
processes · Botanical macroremains · Neolithic · Profile 
sampling
Introduction
Lakeshore settlement layer formation: an on-going 
debate
Circum-Alpine lakeshore settlements are among the best 
preserved archaeological sites worldwide. They usually 
consist of mostly thick organic layers (in the following 
called occupation phase) with wooden piles and a wealth of 
other (often) organic findings, embedded in lake sediments 
and preserved in waterlogged conditions for thousands 
of years. Because of their usually excellent conditions of 
preservation, they are ideally suited for various scientific 
analyses and therefore allow a detailed insight into the past 
(Menotti 2012; Pétrequin 2013). However, while the elabo-
rate study of lakeshore settlement layers in the last decades 
has greatly deepened our understanding of those past soci-
eties, their formation remains for the most part a mystery 
(Bleicher and Schubert 2015). For a long time it was dis-
cussed controversially whether houses were built directly 
on the ground or if they were built on platforms supported 
by piles, either above a seasonally dry shore or above per-
manent water (“Pfahlbauproblem”—Menotti 2001; Dieck-
mann et  al. 2006). There is still no consensus about the 
ground below the houses and about layer formation pro-
cesses. In many former publications and site reports, a low-
ering lake level at the onset of the settlement activity and a 
Abstract There is an ongoing discussion about how 
organic material is preserved in settlement layers on lake-
shores. Diﬀerent scenarios have been suggested; was a 
permanent water cover needed at all times, or were there 
episodical water level fluctuations? In this paper, we use 
aquatic and wetland plants to shed light on layer forma-
tion processes of complex anthropogenic stratigraphies of 
the Neolithic lakeshore settlement Zug-Riedmatt (Central 
Switzerland). Botanical macroremains from the microar-
chaeologically investigated occupation layer were analysed 
and compared to modern analogue data from two lakes. 
Results suggest that the excavated area of the settlement 
was in a first phase located in the sublittoral zone (below 
water), with a massive input of anthropogenic waste mate-
rial contributing to the layer formation, but then in a second 
phase, the shoreline shifted so that the excavated part of the 
settlement was located in the eulittoral zone and in a third 
phase probably even landwards of a reed belt. In a compari-
son with two previously investigated Neolithic lakeshore 
sites, we found that at least in one of these sites, such ‘drier’ 
conditions could also be found. This shows how important 
it is to know which part of the littoral zone is represented in 
an excavation, as conditions can diﬀer within a settlement, 
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rising lake level at the end was postulated based on archaeo-
botanical and also geoarchaeological investigations (e.g. 
Jacomet-Engel 1980; Jacomet 1985; Brombacher 1986; 
Dick 1988; Brombacher and Hadorn 2004; Ismail-Meyer 
et al. 2013; Jacomet et al. 2004). Such decennial lake level 
fluctuations were said to be connected to climatic variabil-
ity during the Holocene (e.g. Magny 2013). Recently, this 
has been challenged by Bleicher (2013, 2015) and Bleicher 
et al. (2017) and is currently vigorously discussed among 
lakeshore settlement researchers.
One reason for the ongoing debate concerning the mys-
tery of layer formations in lakeshore sites is a surprising 
lack of contemporary experimental work done to support 
assumptions based on archaeological feature evaluations 
(Dieckmann et al. 2006). Although it is diﬃcult to recre-
ate the exact conditions of past layer formation (Bleicher 
and Schubert 2015), due for example to eutrophication, 
wave action caused by boat traﬃc in lakes or diﬀerent shore 
topography (Jacomet 1985), such experiments are desper-
ately needed. There are also very few valuable modern ana-
logue studies concerning seed transport along shore tran-
sects (like e.g. Bollinger 1981; Cappers 1993), although 
they could give valuable insight into past processes influ-
encing layer formation from a botanical point of view.
State of research, main hypotheses and aims of this 
paper
From the 1980s onward, botanical macroremains from 
many lakeshore sites were analysed by using profile col-
umns along lake-land transects, based on insight from pal-
aeoecology. At Lake Zürich, two sites could be analysed in 
detail using profile columns, Zürich-AKAD Seehofstrasse 
(Jacomet 1985) and Zürich-Mozartstrasse (Brombacher 
1986; Dick 1988). Other work of this period includes Schli-
chtherle (1985, at Lake Neuchâtel in W-Switzerland) and 
Maier (1995, at Federsee in SW-Germany). More recently, 
the analysis of profile sequences was combined with 
(partly large-volume) surface samples (Brombacher and 
Hadorn 2004; Hosch and Jacomet 2004; Maier 2001; Poll-
mann 2014). For archaeobotanical methodologies, shifting 
research questions etc., we refer to Jacomet and Brom-
bacher (2005). Only rarely was such research performed 
in a transdisciplinary way, combining plant macroremains, 
microremains (such as pollen, NPPs etc.), soil micromor-
phology (as in Arbon Bleiche 3, Jacomet et al. 2004) and 
invertebrates at the same location (the latter were included 
for the first time in Bleicher and Harb 2017 and Heiri et al. 
2017, although not systematically compared to macrore-
main data from the same profiles).
There are two main hypotheses as to how settlement lay-
ers at lakeshores were formed (the main facts as well as 
the bibliography are compiled in Table 1): the first is that 
organic layers could have formed in a peaty environment; 
the second is that they could only form under water. In this 
paper, we test which of these hypotheses fit our archaeo-
botanical data best. As a test case we use the lakeshore 
settlement Zug-Riedmatt in Central Switzerland (for loca-
tion see Fig. 1) which was excavated in 2008, using up-to-
date methodology. The research at this site had a microar-
chaeological focus (finely separated profile samples were 
analysed in order to disentangle the stratigraphy) and is 
therefore suitable to complement the aforementioned work 
to re-evaluate layer formation processes in lakeshore set-
tlements based on archaeobotanical data. The research 
was performed in a transdisciplinary way, including pol-
len (Heitz, ongoing work), soil micromorphology (Ismail-
Meyer, ongoing work) and also invertebrates like chirono-
mids (Schäfer, ongoing work). In this paper however, we 
focus on plant macroremains and will discuss their role in 
layer formation processes (a transdisciplinary evaluation 
is planned for the future as analyses are still ongoing). We 
use densities of aquatic and wetland plants for testing the 
hypotheses referred to, and also use contemporary data 
from naturally deposited sediments along shore transects 
from lake Zürich and Greifensee (Bollinger 1981) as inter-
pretation aids [in the following called ‘modern analogue 
samples’ (MAS)].
Our main research questions are the following:
•	 Can we determine whether the ground of the settle-
ment was permanently flooded (Hypothesis 2, Table 1), 
or wet but only temporarily flooded (Hypothesis 1, 
Table 1)? Was this the same for all three settlement lay-
ers of the occupation phase?
•	 Can we see diﬀerences between lake and landward pro-
files/zones?




The Late Neolithic lakeshore settlement Zug-Riedmatt 
(canton of Zug, Switzerland; UNESCO World Heritage 
Site; Fig. 1) stretched over approximately 2,500 m2 (esti-
mation based on a core drilling survey) and was located at 
the Northern shore of lake Zug (Fig. 2). Its location today 
is at a distance of approximately 530 m from the shore-
line of Lake Zug, but formerly it used to be situated on the 
lakeshore and close to the river channel of the river Lorze, 
within a bird-foot delta created by this river (Fig. 2). The 
preservation of the occupation layer, which was up to 1.3 m 
thick (Fig. 3), was excellent (it was buried beneath 6 m of 
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limnic and fluvial sediments) because it was constantly 
located below the groundwater table. The site is typologi-
cally dated to 3200–3100 BC (Horgen period, dendrochro-
nological dating has not yet been possible, E. Gross per-
sonal communication).
A small-area (64 m2) rescue excavation was performed 
in 2008. The site was extremely densely sampled. Among 
other things, 110 profile columns (monolith samples, usu-
ally 56 × 12 × 10  cm) were taken from the cleaned profile 
walls (Fig. 3). They covered the ‘occupation layer’ as well 
as the under- and overlying sediments.
Sample documentation
78 profile columns were chosen for scientific analyses at 
the IPAS, and all of them were described in a transdiscipli-
nary way. Each profile was cleaned, photographed, macro-
scopically described (sediment types, see Table 2, clearly 
visible components, etc.) and subdivided into fine layers, in 
close collaboration by archaeologists, micromorphologists 
and archaeobiologists. Later on, these layers were ascribed 
to stratigraphic units, based mainly on a correlation of the 
single fine layers with the help of 82 polished sections of 
47 of the profile columns from all parts of the excavation 
(Fig. 4; Table 3). The organic micrite layers (Table 3) were 
used as stratigraphic markers, as they formed continuous 
layers, and could therefore be clearly seen in all profile col-
umns (except in some cases towards the land side of the 
excavation; see Fig. 4, left-hand side).
49 profile columns were finally separated into samples 
for larger archaeobiological remains (incl. botanical mac-
roremains), following the aforementioned layer classifica-
tion, after samples for micromorphology and palynology 
had been taken (for the detailed methodological procedure 
see Gross et al. ongoing work and Ismail-Meyer et al. ongo-
ing work). The result was the large quantity of 921 samples, 
of which 197 (equalling five continuous profile sequences, 
hence called the reference profile sequences) were chosen 
for analysis (profile columns 46 and 45; 68 and 67; 74 and 
73; 88 and 89; 96, 92 and 101, Fig. 3). The reference pro-
file sequences were chosen in a way that enabled lake-land, 
but also shore parallel transects. All five reference profile 
sequences spanned almost the entire stratigraphy [micrite 
(‘lake marl’) beneath—occupation layer—micrite (‘lake 
marl’) above].
Sample analysis and evaluation
The 197 selected reference profile samples were sieved 
using the wash-over technique (Kenward et al. 1980; Hosch 
Table 1  Main hypotheses of settlement layer formation processes at lakeshores
Hypothesis 1 Hypothesis 2
Cause for preservation of organic material
Ground was always wet and acted similarly to peat (acrotelm-catotelm 
model, e.g. Ismail-Meyer et al. 2013; Ismail-Meyer and Rentzel 
2017)
Ground was always covered by water, anoxia developed quickly 
(Bleicher and Schubert 2015)
Cause for absence of aquatic plants in settlement layers
Episodical water level fluctuations in lakes (based on e.g. Magny 2004, 
2013)
1. Aquatic plant diaspores could not enter the sediment because of 
palisades/piles acting as a barrier
2. Aquatic plant diaspores could not enter the sediment because they 
did not grow inside and around the settlement (e.g. due to highly 
eutrophic conditions and a lack of sunlight below the houses)
3. The sediment only accumulated when aquatic plant diaspores were 
not present in the water (e.g. during winter, changes in the vegetation)
4. The sediment of the settlement layers accumulated very quickly (and 
maybe waste was thrown into the water in larger “lumps”), not allow-
ing aquatic plant diaspores to mix with it
Literature
‘Traditional’ view following Behre and Jacomet (1991; see also 
Jacomet-Engel 1980; Jacomet 1985; Brombacher 1986; Dick 1988; 
Brombacher and Hadorn 2004; Jacomet et al. 2004)
Sedimentation rate as the main impact on layer formation was not con-
sidered in previous archaeobotanical studies, but see modelling work 
by Bleicher and Schubert (2015); and Antolín et al. (in press)
Indicators
Presence of (parts of) a succession of aquatic plants—reed bed 
plants—sedge swamp plants—shoreline pioneers—wet grassland—
alluvial woodland until or during onset of settling activities (Jacomet 
1985)
Absence (or only low concentrations) of shoreline pioneers, weeds or 
wetland plants as well as ruderal plants growing directly at the site
Presence of shore weeds and ruderal plants preferring wet conditions 
growing directly at the site during and after settling activities (e.g. 
Urtica dioica, Polygonum hydropiper)
Presence of mainly eutrophic aquatic plants right after the discontinua-
tion of settling activities
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and Zibulski 2003; Steiner et al. 2015). Almost all samples 
were sieved by the same operator and without subsam-
pling prior to sieving (Steiner et al. in press). Freezing and 
thawing was used as pre-treatment in order to facilitate the 
disintegration of loamy sediments (Vandorpe and Jacomet 
2007). Mesh sizes of 4, 2 and 0.35 mm were used for the 
wash-over sieving of the organic fractions. The sample vol-
umes as well as the volumes of the resulting fractions were 
measured using the “classical” (manual) volume measure-
ment technique (Antolín et al. 2015). The sieved samples 
were stored in a refrigerator.
Analysis of the samples was done using a Leica/Wild 
M3Z stereo microscope (magnification 6.5–40×). Seed 
and fruit remains (but also other biological remains like 
fish and invertebrates) were sorted and quantified follow-
ing previously established counting criteria (Table  1 in 
Steiner et al. 2015, but with needles and small seeds/fruits 
being fully quantified in all fractions). Various other mac-
roscopic sediment components (like wood chips, charcoal, 
twigs etc.) and preservation parameters were semiquanti-
fied (Antolín et al. in press).
From each fraction (the large, 2 and 4 mm together, and 
the small, 0.35 mm) we targeted a sample size of around 
400 remains (see van der Veen and Fieller 1982, as modi-
fied by; Hosch and Jacomet 2001). This number was rarely 
reached in the large fraction (for problems relating to this 
see Hosch and Jacomet 2004; Jacomet 2013; Antolín et al. 
2017b), while the small fraction was usually subsampled. 
On average, 800 remains were counted from each sample 
(all fractions together).
For the identification of plant remains, the IPAS seed 
reference collection and selected literature (e.g. Körber-
Grohne 1964; Jacomet et  al. 1989; Cappers et  al. 2006) 
were used.
All data were entered into the database ArboDat 
(©Kreuz and Schäfer 2016). The classification into 
ecological groups roughly followed Brombacher and 
Jacomet (1997) with some reclassifications (following 
Oberdorfer 2001; http://www.infoflora.ch; http://www.
pfaf.org/ and our own experience, ESM). We tested the 
classification of taxa through statistical correlations and 
refined some of the classifications based on these tests 
Fig. 1  Position of Zug-Riedmatt within Europe and Switzerland [maps by San Jose (Europe), Eric Gaba and NordNordWest (Switzerland)]
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(done by Werner Vach, using Stata, ©StataCorp LP). 
Aquatic plants formed the most clearly definable ecolog-
ical group in statistical correlations. We attributed the 
Characeae to aquatic plants favouring oligotrophic con-
ditions because a lot of their representatives prefer such 
conditions (Auderset Joye and Schwarzer 2012). Unfor-
tunately, it was not possible to identify the Characeae 
oospores in more detail within the short project time.
Nomenclature of scientific plant names follows the 
National Data and Information Centre of the Swiss Flora 
(http://www.infoflora.ch).
Correspondence analysis (CA) was performed using 
the program PAST3 (Ø. Hammer).
Results
In general, plant remains were excellently preserved. 
Most of them (>98%) were preserved in a subfossil state. 
In total, almost 160,000 plant remains from 194 taxa were 
counted. They encompassed cultivars, gathered plants 
and a lot of wild plants from woodland and open land 
(see Steiner 2017). Like in other lakeshore settlements, 
the organic layers consisted of many diﬀerent remains 
of former daily life, including excrement (see Jacomet 
2013). Here, we only discuss the rather small groups of 
aquatic and lakeshore vegetation (61 Taxa).
Fig. 2  Lake Zug with its 
former shorelines and Neo-
lithic sites. Zug-Riedmatt was 
located at the northern shore in 
a former delta situation where 
the river Lorze entered lake Zug 
 [©Amt für Denkmalpflege und 
Archäologie des Kantons Zug, 
Direktion des Innern (Archiv 
Archäologie); done by R. Huber 
and E. Gross; geological data 
after Ammann (1993); wetlands 
after the historical waterbody 
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Aquatic plants
Aquatic plants could be found in most stratigraphic units. 
However, they appeared in much lower concentrations in 
the organic units or were sometimes completely missing 
from organic samples (Figs. 5, 6, 7, 8, 9).
Aquatic plants favouring oligotrophic conditions 
(Table  4) appeared in high densities in the micrite below 
and above the occupation phase (units 1 and 14) as well as 
within the mixed unit 13 and the organic micrite unit 10. 
In contrast, they were very rare in the organic units 6 and 8 
and the organic micrite unit 7. On a sample level (Figs. 5, 
6, 7, 8, 9), their concentration usually declined gradually 
from unit 1 to unit 2 (or 3, 4) and did rise again gradually 
from unit 9 (or later) onwards.
Aquatic plants favouring meso- to eutrophic conditions 
(Table 4) reached their highest densities in the organic mic-
rites (in units 4, 10 and 12; exceptions are units 7 and 2), as 
well as in unit 13. They were rarest in unit 14 (in contrast to 
aquatic plants favouring oligotrophic conditions) and unit 
8. On a sample level (Figs. 5, 6, 7, 8, 9), they were often 
not only found in organic micrites, but also or only in the 
organic layers below or above organic micrites [e.g. in sam-
ples 68.13 (Fig. 6), 46.9/10/13 (Fig. 5)].
Wetland plants
Wetland plants reached highest densities in units 6, 8 
(organic sediments), 10 (organic micrite) and the ‘mixed’ 
unit 13, consisting mainly of micrite and coarse organic 
material (Table 4).
Reed bed and sedge swamp plants (Table 4) occurred in 
highest densities in the organic units 6 and 8 as well as in 
units 12 (organic micrite) and 13 (‘mixed’). On a sample 
Fig. 3  3D model of the exca-
vated area of Zug-Riedmatt 
with all profile walls and the 
positions of all profile columns. 
Reference profile columns are 
highlighted in orange  [©Amt für 
Denkmalpflege und Archäologie 
des Kantons Zug, Direktion des 
Innern (Archiv Archäologie); by 
S. Hlavová]
Table 2  Sediment types
The term micrite was used as a more neutral term for ‘lake marl’
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level (Figs.  5, 6, 7, 8, 9), there was much variation with 
highest values in units 6 and 8. Unusually high densities 
could be found in unit 13 in the lakeward profile 45 (Fig. 5, 
location see Fig. 3).
Wet grassland plants appeared in highest densities in the 
organic units 6 and 8 as well as in organic micrite units 10 
and 12 (Table  4). On a sample level (Figs.  5, 6, 7, 8, 9), 
they usually do not appear in densities above 20 remains/l 
before unit 6 (with exception of three samples in unit 3 and 
one sample in unit 5). Highest densities could be found in 
profiles 68/67 (in the centre of the excavation surface).
Shoreline pioneers and shore weeds appeared in highest 
densities in the organic units 3, 6 and 8 and in the organic 
micrite unit 10 (Table  4). On a sample level (Figs.  5, 6, 
7, 8, 9), they could be found throughout almost the entire 
sequence in between micrite layers, but in varying densi-
ties. In the landward profiles 74/73, they were especially 
numerous in one sample of the organic micrite unit 10.
Riparian woodland and carr plants appeared most 
numerously in the uppermost units 13 and 14, and also in 
units 2 and 6 (Table 4). Their densities were especially high 
in unit 13 of the lakeward profile 45 (Fig. 5), but appeared 
in small amounts almost throughout the entire profile 
sequence (Figs. 5, 6, 7, 8, 9).
Comparison of Zug-Riedmatt samples with modern 
analogue samples (MAS)
In Fig. 10a, the positioning of the ecological groups in the 
CA based on MAS (Bollinger 1981) and archaeobotani-
cal samples from Zug-Riedmatt is shown. Aquatic plants 
favouring oligotrophic conditions clearly separate from 
all other ecological groups on the negative side of axis 1. 
Aquatic plants favouring meso- to eutrophic conditions, 
riparian woodland and carr plants as well as reed bed and 
sedge swamp plants form another group on the positive 
side of axis 1, and the negative side of axis 2. Wet grass-
land plants as well as shoreline pioneers group at the posi-
tive sides of both axes.
In Fig.  10b, the positioning of each individual archaeo-
logical sample (dots, coloured according to stratigraphical 
units) is shown, based on their content of aquatic and wetland 
plants, in comparison to the MAS (squares, coloured accord-
ing to sample location). Samples from the same stratigraphi-
cal unit usually clustered more or less closely together. If 
compared to the upper part of Fig. 10, samples from units 1, 
14 (micrite), 13 (mixed), 11 (loam) and 2 (organic micrite) 
were associated with aquatic plants favouring oligotrophic 
Fig. 4  Polished sections of the 47 profile columns which were used for the classification of stratigraphical units. Organic micrite units are indi-
cated with colours  [©K. Ismail-Meyer, Integrative Prehistory and Archaeological Science (IPAS), University of Basel]
Table 3  Stratigraphic units and their description, as well as the num-
ber of samples and their volumes in each unit
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conditions. Some of the MAS from lakewards of the Phrag-
mites stands also grouped here. Units 4 and 10 (both organic 
micrite) were mostly associated with aquatic plants favouring 
meso- to eutrophic conditions and with riparian woodland 
and carr plants, with some samples scattering to the nega-
tive side of the axis 1 (associated with aquatic plants favour-
ing oligotrophic conditions). Many MAS from the Phrag-
mites stands, some MAS from lakewards of these stands 
and one from landwards grouped with reed bed and sedge 
swamp plants. The rest of the MAS were scattered towards 
the shoreline pioneer group and the wet grassland plants. 
Samples from units 8 and 6 (organic), as well as some from 
unit 3 (organic) also grouped here. Samples from unit 7 
(organic micrite) were scattered in the middle and could not 
be assigned to an ecological group, but most of these sam-
ples were distributed more to the positive side of axis 1 than 
organic micrite samples from other units. Samples from units 
5 and 9 (loam) could not be clearly associated with a particu-
lar ecological group.
Vertical distribution patterns of aquatic and wetland 
plants
Based on Figs. 5, 6, 7, 8 and 9 and Table 4, we can observe 
how the densities of aquatic and wetland plants changed in 
the diﬀerent units. These results are summarized in Table 5.
Fig. 5  Densities of aquatic and wetland plants (sorted into ecological groups) of all samples of the profile sequence 46–45. Units are coloured 
according to Table 3. For the location of the columns within the excavation see Fig. 3
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Fig. 6  Densities of aquatic and wetland plants (sorted into ecological groups) of all samples of the profile sequence 68–67. Units are coloured 
according to Table 3. For the location of the columns within the excavation see Fig. 3
Fig. 7  Densities of aquatic and wetland plants (sorted into ecological groups) of all samples of the profile sequence 74–73. Units are coloured 
according to Table 3. For the location of the columns within the excavation see Fig. 3
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Discussion
Absence of aquatic plants in certain samples
For hypothesis 2 (Table 1), it is assumed that the settle-
ments were located in the sublittoral zone (built on open 
water). In the eyes of Bleicher and Schubert (2015), this 
is the only possibility for organic material to be pre-
served in an excellent state, as is the case for most of the 
lakeshore settlement layers (see Antolín et al. in press). 
If this was really the case, then the presence of aquatic 
plants plays a crucial role in interpreting layer formation. 
In the case of Zug-Riedmatt, units consisting of organic 
sediment (units 3, 6 and 8) of anthropogenic origin con-
tained much lower densities of aquatic plants than units 
consisting of micrite of natural origin. One sample from 
unit 6 and some samples in unit 8 were even completely 
free from aquatic plant remains. How can this be the 
case if we assume that the settlements were built above 
open water? In the following, we discuss the reasons for 
the possible absence of aquatic plants and propose inter-
pretations for layer formation at Zug-Riedmatt in regard 
to our results.
Aquatic plant diaspores could not enter the sediment 
because of palisades/piles acting as a barrier
Charophyte oospores are very small, some species are even 
<0.5 mm long (Haas 1994), and should therefore be able to 
invade even the smallest gaps if the ground was fully cov-
ered by water and no other obstacles (e.g. palisades with-
out any small gaps) were present. However, because it is 
possible that palisades and piles slowed down the water 
flow velocity, it is likely that aquatic plants would appear in 
lower densities, but would not completely lack in any lay-
ers. We can therefore exclude this possibility as an explana-
tion for the lack of aquatic plants.
Aquatic plant diaspores could not enter the sediment 
because they did not grow inside and around the settlement 
(e.g. due to highly eutrophic conditions and a lack 
of sunlight below the houses)
Aquatic and wetland plant diaspores are not necessarily 
deposited only at the places of their growth. If seed input 
from adjacent areas is possible, seeds of plants not growing 
at a site can be found in the ground as well (De Winton and 
Fig. 8  Densities of aquatic and wetland plants (sorted into ecological groups) of all samples of the profile sequence 88–89. Units are coloured 
according to Table 3. For the location of the columns within the excavation see Fig. 3
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Clayton 1996; see also MAS in Bollinger 1981, where e.g. 
aquatic plants became entangled in reed bed stands which 
acted as a trap). In several cases, it was shown that there 
is little correlation between abundance in the seed bank 
and in the established vegetation (Kautsky 1990; Wilson 
et al. 1993; Capon and Brock 2006). Robertson and James 
(2007) recorded some species (among them Nitella sp.), 
not observed in the actual vegetation, in the seed bank in 
irregularly flooded Australian floodplain wetlands. For 
charophytes, these relationships are less obligatory even 
though spatial variability is usually present (Bonis and 
Grillas 2002 and references therein). For example, van den 
Berg et al. (2001) found that while there is a negative cor-
relation between oospore density and distance to a Chara 
aspera meadow, oospores could still be found in samples 
at a distance of almost 3 km from the plants in a perma-
nent waterbody. Often there was no relationship found 
between charophyte oospore abundance and plant biomass 
of the established vegetation (Grillas et al. 1993; Blindow 
et al. 2016). It therefore seems unlikely that the absence of 
aquatic plants at the place of the settlement is responsible 
for a lack of their diaspores in settlement layers.
The sediment only accumulated when aquatic plant 
diaspores were not present in the water (e.g. during winter, 
or due to changes in the vegetation)
Results from palynological and macrobotanical analyses 
suggest that materials from several seasons are mixed in the 
settlement layers of Zug-Riedmatt (Heitz personal commu-
nication). Looking at the complete plant (but also animal) 
spectra we can assume that the settlement was not only 
inhabited in winter (as established for many other lakeshore 
settlements, e.g. Figure 445 in Jacomet et al. 2004). There-
fore, we can clearly state that not only the cold season is 
represented in the settlement layers.
Changes in the local aquatic vegetation during the occu-
pation phase also seem unlikely to have caused the absence 
of aquatic plant diaspores at Zug-Riedmatt. We do in fact 
see a change from aquatic plants favouring oligotrophic to 
Fig. 9  Densities of aquatic and wetland plants (sorted into ecological groups) of all samples of the profile sequence 96-92-101. Units are col-
oured according to Table 3. For the location of the columns within the excavation see Fig. 3
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such favouring meso- to eutrophic conditions at the base of 
the occupation layer. But based on the results of van den 
Berg et al. (2001), referred to in the previous scenario, it 
seems unlikely that this happened due to Characeae disap-
pearing completely from a part of the lake and reappear-
ing again after some time, especially since they were pre-
sent in rather high numbers in the natural sediments. In our 
opinion, these reasons therefore cannot explain the lack of 
aquatic plants in some samples of the occupation layer at 
Zug-Riedmatt.
The sediment of the settlement layer accumulated very 
quickly (and maybe waste was thrown into the water 
in larger “lumps”), not allowing aquatic plant diaspores 
to mix with it
This possibility seems to be the most likely out of the four 
“aquatic scenarios” of hypothesis 2 (Table  1). However, 
nobody has ever tested how such organic lumps/middens 
would act under water: do they remain intact or are they 
disaggregated and mixed with natural vegetation at the 
site? Another open question would be how loam aggregates 
could have been conserved below water.
In a settlement layer investigated in parallel to Zug-
Riedmatt (Zürich-Parkhaus Opéra layer 13), we have found 
good evidence for a deposition of some plant materials in 
such larger ‘lumps’ (Antolín et al. 2017a). This showed that 
(1) not all plant remains follow the same deposition ‘rules’ 
and (2) the zone of the shore which is excavated has an 
influence on the plant spectrum.
In any case, it would seem likely that there would be at 
least some remains of aquatic organisms in between lumps/
middens of organic material if the whole settlement was 
built above water. This was the case in the above-mentioned 
settlement Zürich-Parkhaus Opéra, layer 13 (Bleicher et al. 
2017). For Zug-Riedmatt, this scenario could be assumed 
for unit 3 (the lowermost organic layer), where we found 
some aquatic plants (even ones favouring oligotrophic con-
ditions) in higher densities compared to other organic units. 
However in our eyes, this does not explain the complete 
lack of aquatic plants in some samples of unit 8 in all pro-
file columns, of one sample of unit 6 in profile 68 and a 
generally very low density of aquatic plants in units 6 and 8 
(especially in the middle of the organic layers). This will be 
discussed further in the next section.
Layer formation processes at Zug-Riedmatt based 
on aquatic and wetland plant spectra
In Table  6, the layer formation processes of the diﬀerent 
units are discussed. Micrite and organic micrite units were 
all clearly influenced by water. Loamy units were always 
only locally found and we will not discuss them in detail. 
Organic units, however, behaved diﬀerently.
In unit 3, organic, anthropogenic material was deposited 
in high quantities. The lower quantity of aquatic plants was 
Table 4  Average density of aquatic and wetland plants (sorted into ecological groups) of all samples shown in Figs. 5, 6, 7, 8 and 9, separated 
by units
Units are coloured according to Table 3. For units 11 and 12, only few samples were available, so average values might not be reliable
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possibly caused by a rise in the sedimentation rate while 
the excavated area was still covered by water. Shoreline 
pioneers appearing in this unit could point to somewhat 
drier conditions compared to the units before, if they grew 
at the excavated area. We cannot exclude, however, that 
these plant remains were somehow brought into the site 
or washed in from nearby shore-areas. The latter is very 
possible, as it seems that there was not yet a reed bed pre-
sent (almost complete lack of caryopses of Phragmites aus-
tralis) to stop inwash of seeds from the land into the lake 
and vice versa (Bollinger 1981). We therefore think that the 
excavated surface was still positioned in the sublittoral, but 
nearer to the zone of the yearly lake shore fluctuations than 
before.
Fig. 10  CA-graph based on density values of ecological groups of aquatic and wetland plants in samples from Zug-Riedmatt and MAS (Bol-
linger 1981). a Columns, b rows. Accumulated intertia of axes 1 and 2: 64%
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In unit 6, it is possible that a P. australis reed grew close 
to the site, as Phragmites caryopses were found in samples 
of this unit. These fruits have been found to be good indica-
tors of close-by reed growth in MAS (Bollinger 1981; see 
also; Jacomet 1985). The excavated part of the settlement 
could therefore have been positioned in the eulittoral, the 
transition zone between land and water. Results of the CA, 
where some samples from this unit grouped with MAS 
from landwards of a Phragmites stand and some with MAS 
from Phragmites stands themselves, would fit this assump-
tion very well (Fig. 10). For the site Hornstaad-Hörnle 1 A, 
Maier (2001) also assumed a location of the site in the tran-
sition zone between the eulittoral and sublittoral.
Aquatic plants were completely lacking in some parts 
of unit 8. In the CA (Fig. 10), most of the samples from 
this unit grouped with MAS from landwards of Phrag-
mites stands (Bollinger 1981). Therefore, a position for all 
of the excavated part of the settlement landwards of a reed 
belt should be assumed for unit 8, at least temporarily. If 
the wetland plants present in these samples really grew in 
the settlement, the ground must have been wet/swampy. It 
could even have been temporarily flooded by waves, but the 
ground could not have been covered by water at all times 
and might have been even drier in some instances.
To summarise: while there could have been a full water 
coverage during the sedimentation of unit 3 at Zug Ried-
matt, we assume that the excavated area of the settlement 
was at some point situated landwards of a reed belt (at least 
during sedimentation of unit 8), indicating changes of the 
lake level as assumed in previous studies (e.g. Jacomet 
1985; Brombacher 1986; Dick 1988; Brombacher and 
Hadorn 2004). The results of a comparison of MAS (Bol-
linger 1981) with samples from Zug-Riedmatt support this 
assumption.
Comparison with other sites
In order to have a comparison to the data from Zug-Ried-
matt, we re-evaluated data from two other suitably sam-
pled Neolithic lakeshore site excavations at Lake Zürich, 
Zürich-AKAD Seehofstrasse (Jacomet 1985) and Zürich-
Mozartstrasse (Neolithic part in Dick 1988 and in Brom-
bacher and Jacomet 1997). Diﬀerent occupation layers dat-
ing to the fourth millennium cal BC were included; Corded 
Ware culture and Bronze Age layers were excluded for 
reasons of lower preservation quality (see Jacomet et  al. 
1989). In some sub-layers of the anthropogenic occupation 
layers of these sites, a lack of aquatic plants was detected, 
Table 5  Vertical distribution patterns of aquatic and wetland plants in the diﬀerent units of Zug-Riedmatt
Units are coloured according to Table 3
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and wetland plants (especially shoreline pioneers and wet 
grassland plant remains) primarily occurred in organic 
sediments. For the CA, we grouped the samples of these 
sites into three sediment groups: (1) micrite and (2) (most 
likely) sand, both representing natural sediments, while (3) 
all other sediment types (organic, loam and charcoal) repre-
sent anthropogenically influenced sediments.
In the CA using the MAS from Bollinger (1981) as 
a reference, the occurring patterns were very similar to 
Zug-Riedmatt (Figs.  11, 12). The basic separation of 
MAS from lake- and landwards of Phragmites stands, as 
well as from the inside of Phragmites stands, could be 
found in both sites, though the separation was not as clear 
for settlement layers of Zürich-Mozartstrasse. For the site 
Zürich-AKAD Seehofstrasse, several archaeological sam-
ples clearly grouped with natural samples from landwards 
of Phragmites stands and from inside of Phragmites 
stands (Fig. 11), indicating that this site was probably not 
permanently flooded, whereas this was not as clear for 
the Mozartstrasse site (Fig. 12), which was located more 
lakewards compared to the AKAD-site, in a similar zone 
(and immediately adjacent) to the Parkhaus Opéra settle-
ment area. In the latter, we have detected many aquatic 
plants in all layers of settlement layer 13 (dated to the 
Horgen culture), as well as water-living chironomids 
throughout the layer (see Antolín et al. 2017a; Heiri et al. 
2017).
Table 6  Layer formation processes in units from Zug-Riedmatt based on aquatic and wetland plant spectra
Units are coloured according to Table 
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Conclusions
Aquatic and wetland plants from anthropogenic stratig-
raphies have proved to be a helpful tool for the evaluation 
of layer formation processes at Neolithic lakeshore sites 
for a long time, especially when used in combination with 
data from contemporary naturally deposited MAS (Bol-
linger 1981; Jacomet 1985). In the investigations at the 
site Zug-Riedmatt presented here, it was possible to see a 
change from permanently flooded conditions to temporarily 
much drier (but still swampy) conditions in the uppermost 
organic layer (unit 8). During the sedimentation of the 
middle organic layer (unit 6), the excavated part of the set-
tlement might even have been situated exactly in the area 
between land and water, in the eulittoral zone. The organic 
micrite layers most likely represent layers with higher 
water levels in between settlement layers (during which 
water levels at least partly seem to have been lower). Dur-
ing settlement activities, the trophic conditions of the water 
must have changed, as aquatic plants favouring meso- to 
eutrophic conditions were more common than those favour-
ing oligotrophic conditions during this period of time. A 
Fig. 11  CA-graph based on 
density values of ecological 
groups of aquatic and wetland 
plants in samples from Zürich-
AKAD Seehofstrasse, layer 
J, Pfyn culture (ca. 3700 cal 
BC; Jacomet 1985) and MAS 
(Bollinger 1981). a Columns, 
b rows. Accumulated intertia 
of axes 1 and 2: 61.9%, shown 
here are axes 1 and 3: 55.6%
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transdisciplinary evaluation of the results from Zug-Ried-
matt (macroremains, pollen, invertebrates and micromor-
phology) is ongoing and will hopefully confirm what we 
have found based on archaeobotanical data alone.
In a comparison of Zug-Riedmatt with other Neolithic 
lakeshore sites as well as with MAS, we found varied 
results. Some samples of Zürich AKAD-Seehofstrasse 
seem to have formed under conditions similar to the 
uppermost organic layer of Zug-Riedmatt (correspond-
ing to unit 8), when the site seems to have been situ-
ated landwards of a Phragmites belt. For samples from 
Zürich-Mozartstrasse, the situation was not completely 
clear. Maybe this site was in general more influenced by 
water (which would fit its more lakeward position com-
pared to Zürich-AKAD Seehofstrasse), but more research 
Fig. 12  CA-graph based on 
density values of ecological 
groups of aquatic and wetland 
plants in samples from Zürich-
Mozartstrasse, layers 5/6, 
Cortaillod culture (ca. 3900 cal 
BC), layer 4, Pfyn culture (ca. 
3600 cal BC) and layer 3, Horgen 
culture (ca. 3100 cal BC, Dick 
1988; Brombacher and Dick 
1987; Brombacher and Jacomet 
1997; Ebersbach et al. 2015) 
and MAS (Bollinger 1981). a 
Columns, b rows. Accumulated 
intertia of axes 1 and 2: 56.5%
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including finely separated profile samples would need to 
be done to confirm this.
All in all, through our thorough microarchaeological 
research, it becomes obvious that conditions during the 
deposition of the settlement layers in lakeshore settlements 
were not always the same. Settlements seem to have been 
located in diﬀerent parts of the former shores. It seems 
very likely that preservation of (a part of) the organic mate-
rial was possible even without permanent flooding, which 
would contrast with the view of Bleicher and Schubert 
(2015). In our eyes, therefore, it should be investigated fur-
ther if a scenario similar to peat (acrotelm-catotelm) could 
also lead to the formation of a well-preserved organic layer 
(this was not considered in the modelling work by Bleicher 
and Schubert (2015) in their approach). For at least two of 
the investigated sites, including Zug-Riedmatt, it is very 
probable that there were lake level fluctuations that led to 
temporarily drier (not permanently flooded) conditions at 
least in some areas of a settlement. What we can clearly see 
is the fact that conditions at a site need to be reconstructed 
case by case, and that it is important to investigate which 
part of the site—and therefore which part of the former 
shore—is represented in an excavation. There probably is 
not one universally valid ‘Pfahlbau scenario’ (Bleicher and 
Schubert 2015)—which partly explains the on-going dis-
cussions about the “Pfahlbauproblem”.
In the future, in palaeoecological investigations of 
lakeshore settlements, one should include the analysis of 
an even smaller fraction (0.25 mm) and a closer identifi-
cation of the Characeae oospores; the latter would enable 
more precise statements about the trophic level of the water 
and water depths (see e.g. Brombacher and Hadorn 2004). 
More studies of natural sediments along shore transects (as 
modern analogues) from diﬀerent sites are also desperately 
needed in order to be able to make more precise statements 
about formation processes of organic layers from lakeshore 
sites. Such studies should also include experiments about 
plant preservation and decay.
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4.	 Taphonomy,	 land	 use	 and	 environment	 of	 the	 Late	 Neolithic	
lakeshore	settlement	Zug-Riedmatt	
4.1	Results	Zug-Riedmatt	(occupation	layer	and	directly	adjacent	layers)	
4.1.1	General	results	Out	of	 the	197	profile	 samples	 (in	 total	79.25l	of	 sediment;	 sample	volume	 in	average	0.4l),	158’812	botanical	macroremains	(not	extrapolated)	of	193	different	taxa	from	54	plant	 families	 were	 sorted.	 Most	 of	 these	 remains	 were	 preserved	 in	 subfossil	(uncharred)	state.	On	average,	<2%	of	plant	remains	were	 found	 in	charred	state,	and	even	 less	 in	 a	 semi-charred	 state.	Most	plant	 remains	were	 extremely	well-preserved.	On	average,	8’260	remains/litre	(r/l)	and	38	taxa	could	be	found	per	sample,	including	all	sample	types	(Tab.	1,	the	14	purely	micritic	samples	were	not	excluded	here	and	in	all	 following	 calculations	 because	 they	 are	 not	 necessarily	 the	 only	 samples	 from	naturally	 accumulated	 sediments).	 The	 maximum	 density	 in	 organic	 samples	 was	68’750r/l	(in	sample	98.5	of	unit	3),	the	highest	number	of	taxa	75	(in	sample	67.12	of	unit	8).	In	 the	 following,	 results	 for	 the	 economically	 most	 important	 taxa	 and	 for	 all	 other	plants	not	obviously	used	as	staple	foods	(sorted	into	ecological	groups)	are	described	(for	densities	per	unit	across	all	 samples,	 see	Tab.	5).	More	 information	about	aquatic	and	wetland	plants	can	be	found	in	research	paper	3.4	(and	Figs.	5-9	therein).	Densities	of	 other	 ecological	 groups	per	 sample	 for	 each	profile	 can	 be	 seen	 in	 Figs.	 5-9	 in	 this	chapter.	Tab.	6	lists	the	unit	 in	which	taxa	appear	in	highest	densities.	Semi-quantified	preservation	 parameters	 are	 discussed	 in	 research	 paper	 3.3.	 A	 transdisciplinary	evaluation	 of	 the	 results	 from	 micromorphology,	 palynology	 and	 botanical	macroremains	will	be	done	at	a	later	stage	(Ismail-Meyer	et	al.,	in	preparation).		
	
Figure	5.	 Densities	 (r/l)	 of	 the	 remains	 of	 the	 different	 ecological	 groups	 (except	 aquatic	 and	wetland	plants)	 of	 all	 samples	 of	 the	 profile	 sequence	 88-89	 (location	 within	 excavated	 area:	 landwards,	 NW).	Stratigraphical	units	are	coloured	according	to	Tab.	4.		
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Figure	6.	 Densities	 (r/l)	 of	 the	 remains	 of	 the	 different	 ecological	 groups	 (except	 aquatic	 and	wetland	plants)	 of	 all	 samples	 of	 the	 profile	 sequence	 74-73	 (location	 within	 excavated	 area:	 landwards,	 SO).	Stratigraphical	units	are	coloured	according	to	Tab.	4.		
	
Figure	7.	 Densities	 (r/l)	 of	 the	 remains	 of	 the	 different	 ecological	 groups	 (except	 aquatic	 and	wetland	plants)	 of	 all	 samples	 of	 the	 profile	 sequence	 68-67	 (location	 within	 excavated	 area:	 middle).	Stratigraphical	units	are	coloured	according	to	Tab.	4.		
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Figure	8.	 Densities	 (r/l)	 of	 the	 remains	 of	 the	 different	 ecological	 groups	 (except	 aquatic	 and	wetland	plants)	 of	 all	 samples	 of	 the	 profile	 sequence	 46-45	 (location	 within	 excavated	 area:	 lakewards,	 SO).	Stratigraphical	units	are	coloured	according	to	Tab.	4.		
	
Figure	9.	 Densities	 (r/l)	 of	 the	 remains	 of	 the	 different	 ecological	 groups	 (except	 aquatic	 and	wetland	plants)	of	all	samples	of	the	profile	sequence	96-92-101	(location	within	excavated	area:	lakewards,	SW).	Stratigraphical	units	are	coloured	according	to	Tab.	4.				
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U1	 U2	 U3	 U4	 U5	 U6	 U7	 U8	 U9	 U10	 U11	 U12	 U13	 U14	
aquatic	plants	
oligotrophic	 999	 299	 48	 79	 20	 9	 10	 14	 44	 998	 317	 794	 3076	 2525	
aquatic	plants	meso-
/eutrophic	 81	 58	 27	 369	 68	 29	 39	 24	 40	 161	 30	 360	 695	 17	
reed	bed	and	sedge	
swamp	plants	 4	 11	 17	 8	 11	 53	 16	 36	 9	 13	 27	 42	 534	 3	
wet	grassland	plants	 1	 2	 24	 9	 15	 142	 43	 206	 25	 280	 7	 146	 24	 0	
shoreline	pioneers	incl.	
shore	weeds	 0	 3	 58	 22	 2	 31	 13	 57	 4	 218	 6	 31	 21	 0	
wetland	plants	
unassigned	 1	 3	 4	 8	 1	 4	 3	 10	 3	 6	 15	 2	 6	 0	
riparian	woodland	and	
carr	plants	 2	 11	 8	 5	 2	 17	 8	 4	 2	 10	 10	 1	 126	 51	
woodland	plants	 48	 452	 806	 357	 228	 694	 723	 762	 499	 400	 99	 307	 196	 21	
woodland	clearing	edge,	
hedge,	bush	plants	 2	 7	 38	 16	 38	 84	 31	 116	 10	 121	 14	 23	 55	 1	
grassland	plants	 0	 3	 4	 6	 3	 43	 9	 71	 9	 82	 20	 29	 9	 1	
winter	crop	annual	and	
flax	weeds	 0	 0	 1	 2	 29	 0	 2	 1	 0	 3	 0	 1	 0	 0	
summer	crop	annual	
weeds,	annual	ruderals	 4	 8	 23	 38	 22	 172	 138	 272	 91	 232	 24	 79	 100	 0	
perennial	ruderals	 0	 0	 4	 10	 7	 11	 3	 101	 4	 12	 2	 14	 6	 0	
cereals	 243	 2221	 4974	 3295	 1459	 2134	 2869	 3288	 1111	 1899	 1449	 523	 711	 2	
pulses	 0	 1	 2	 5	 1	 9	 9	 36	 4	 14	 5	 3	 11	 0	
oil-	and	fibre-plants	 570	 3810	 11726	 8620	 4575	 4420	 3004	 3945	 1363	 1753	 438	 681	 438	 5	
potentially	cultivated	
plants	 0	 0	 0	 0	 0	 0	 0	 1	 0	 1	 3	 0	 1	 0	
gathered	fruits,	berries,	
nuts,	acorns	 112	 223	 737	 466	 539	 1053	 814	 592	 101	 309	 53	 140	 346	 7	
various	unassigned	plants	 2	 11	 45	 65	 40	 235	 172	 371	 39	 324	 34	 175	 116	 1	





most	 common	 plant	 remains,	
based	on	density	





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































somniferum;	 Figs.	 A43,	 A44),	 flax	 (Linum	usitatissimum;	 Figs.	 A49-51),	 emmer	 wheat	(Triticum	dicoccon;	 Figs.	 A55-58),	 tetraploid	 naked	 wheat	 (Triticum	durum/turgidum;	Fig.	 A60-62),	 barley	 (Hordeum	 vulgare,	 most	 likely	 the	 naked	 form;	 Figs.	 A52-54),	garden	 pea	 (Pisum	sativum;	 Figs.	 A45-48)	 and	 einkorn	 wheat	 (Triticum	monococcum:	Fig.	59;	see	Tab.	7).	They	represent	all	typically	found	cultivars	of	this	time	period.	The	potential	spices	celery	(Apium	graveolens;	Fig.	A25)	and	dill	(Anethum	graveolens)	could	also	be	found,	but	were	rare	and	it	is	therefore	questionable	if	they	were	cultivated.	Even	though	the	densities	fluctuated	quite	a	bit	between	samples,	some	trends	based	on	units	 could	 be	 seen.	 Cereals	 in	 general	 occurred	 in	 highest	 densities	 in	 the	stratigraphical	units	8	and	3	 (both	consisting	of	organic	 sediment)	and	also	 in	units	7	and	4	(both	consisting	of	organic	micrite;	see	Tab.	6	and	Figs.	5-9).	Oil-	and	fibre-plants	(opium	poppy	and	 flax)	occurred	 in	highest	densities	 in	units	3	 (consisting	of	organic	sediment)	and	4	(consisting	of	organic	micrite)	and	also	in	units	6	and	8	(both	consisting	of	 organic	 sediment).	 Pulses	 occurred	 in	 highest	 densities	 in	 units	 8	 (consisting	 of	organic	sediment)	and	9	(consisting	of	loamy	sediment)	and	also	in	units	13	(consisting	of	‘mixed’	sediment)	and	7	(consisting	of	organic	micrite).	However,	pea	pod	fragments	were	 only	 recorded	 from	 around	 the	 middle	 of	 the	 analyses	 onwards	 (we	 only	 then	arrived	to	recognize	 them),	so	we	have	a	much	smaller	pool	of	samples	 for	pulses	(88	instead	of	197	samples	that	can	be	compared),	which	has	to	be	kept	in	mind.	The	plants	potentially	 used	 as	 spices	 were	 rare	 in	 general	 and	 occurred	 in	 highest	 densities	 in	stratigraphical	 units	 10	 (consisting	 of	 organic	 micrite)	 and	 11	 (consisting	 of	 loamy	sediment).	The	most	ubiquitous	species	(>90%	across	all	profile	samples),	which	also	appeared	in	the	highest	densities	(>500r/l	on	average	across	all	profile	samples),	were	opium	poppy	(seeds,	occasionally	 fragments	of	 the	capsule	 lids),	 flax	 (seeds,	 capsule	 fragments,	also	stems)	 and	 cereal	 bran	 (unidentified	 testa	 fragments;	 Tab.	 7).	 Chaff	 of	 emmer	wheat,	tetraploid	naked	wheat	and	to	a	lesser	degree	barley	were	also	found	in	many	samples	and	in	high	numbers,	as	was	chaff	which	could	only	be	determined	to	the	level	of	genus	(Triticum	sp.)	or	to	cereals	in	general	(Cerealia	indet.;	Tab.	7).	In	the	samples	where	they	were	 recorded	 (once	 they	 were	 recognized	 as	 such),	 pea	 pod	 fragments	 were	 also	ubiquitous.	As	 plant	 remains	 in	 general,	 cultivars	were	mostly	 present	 in	 subfossil	 (non-charred)	state.	 Though	 charred	 chaff	 and	 grain	 of	 cereals	 (approx.	 10%)	 and	 a	 few	 charred	 or	semi-charred	 remains	of	pea,	 flax	 and	opium	poppy	 (<2%)	 could	be	 found,	 they	were	generally	rare.	Opium	poppy	capsule	fragments	and	pea	pod	fragments	were	not	found	in	charred	state	at	all.					
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cereals	 		 		 		 		 	 	 	
Hordeum	vulgare	 rachis	segment	 uncharred	 58.33	 38.1	 7.6	 20.1	 97.7	
Hordeum	vulgare	 rachis	segment	 semi-charred	 0.98	 0.1	 0.0	 0.1	 0.1	
Hordeum	vulgare	 rachis	segment	 charred	 36.76	 7.5	 0.0	 7.2	 12.8	
Hordeum	vulgare	 grain	 charred	 8.82	 0.3	 0.0	 0.1	 1.0	
Triticum	monococcum	 glume	basis	 uncharred	 13.24	 2.2	 1.7	 1.5	 4.9	
Triticum	cf.	monococcum	 glume	basis	 uncharred	 1.47	 0.1	 0.1	 0.0	 0.0	
Triticum	monococcum	 glume	basis	 charred	 6.37	 2.1	 0.0	 0.5	 6.8	
Triticum	monocuccum/dicoccon	 glume	basis	 uncharred	 2.45	 27.5	 60.7	 19.5	 35.8	
Triticum	monococcum/dicoccon	 glume	basis	 charred	 3.92	 3.1	 0.0	 0.0	 10.0	
Triticum	dicoccon	 glume	basis	 uncharred	 81.86	 240.0	 292.1	 227.0	 352.2	
Triticum	dicoccon	 glume	basis	 semi-charred	 4.90	 0.2	 0.0	 0.3	 0.2	
Triticum	dicoccon	 glume	basis	 charred	 45.59	 21.8	 0.4	 15.9	 34.3	
Triticum	dicoccon	 grain	 charred	 1.47	 0.0	 0.0	 0.0	 0.0	
Triticum	durum/turgidum	 rachis	segment	 uncharred	 70.59	 121.8	 60.5	 157.4	 201.4	
Triticum	durum/turgidum	 rachis	segment	 semi-charred	 3.92	 0.3	 0.0	 0.3	 0.7	
Triticum	durum/turgidum	 rachis	segment	 charred	 44.61	 17.7	 0.0	 16.1	 33.3	
Triticum	aestivum/durum/turgidum	 grain	 charred	 3.92	 0.1	 0.0	 0.2	 0.2	
Triticum	spec.	 chaff	 uncharred	 70.10	 188.2	 208.1	 210.6	 299.6	
Triticum	spec.	 chaff	 semi-charred	 1.47	 0.1	 0.0	 0.0	 0.3	
Triticum	spec.	 chaff	 charred	 34.31	 12.7	 1.0	 5.7	 32.7	
Triticum	spec.	 grain	 charred	 0.49	 0.1	 0.0	 0.3	 0.0	
Cerealia	indet.	 bran	 uncharred	 93.63	 1587.9	 4165.0	 1324.6	 1723.9	
Cerealia	indet.	 chaff	 uncharred	 73.53	 210.2	 177.0	 121.9	 409.7	
Cerealia	indet.	 chaff	 semi-charred	 0.98	 0.0	 0.0	 0.1	 0.0	
Cerealia	indet.	 chaff	 charred	 16.67	 9.2	 0.0	 3.6	 28.5	
Cerealia	indet.	 grain	 charred	 19.61	 0.8	 0.1	 0.5	 1.5	
pulses	 		 		 		 		 	 	 	
Pisum	sativum	 seed	 uncharred	 2.03	 0.1	 0.0	 0.1	 0.4	
Pisum	sativum	 pod	fragment	 uncharred	 79.55	 28.4	 6.6	 14.9	 57.6	
cf.	Pisum	sativum	 pod	fragment	 uncharred	 2.27	 0.0	 0.0	 0.0	 0.0	
Pisum	sativum	 pod	stem	 uncharred	 10.23	 0.3	 0.0	 0.0	 0.8	
Pisum	sativum	 pod	fragment	 semi-charred	 9.09	 0.3	 0.0	 0.0	 0.9	
Pisum	sativum	 seed	 charred	 1.02	 0.0	 0.0	 0.0	 0.2	
cf.	Pisum	sativum	 seed	 charred	 0.51	 0.0	 0.0	 0.0	 0.1	
oil-	and	fibre-plants	 		 		 		 		 	 	 	
Linum	usitatissimum	 seed	 uncharred	 97.97	 679.3	 1217.2	 700.8	 700.8	
Linum	usitatissimum	 capsule	(>2	frg.)	 uncharred	 65.99	 26.7	 56.0	 30.2	 25.2	
Linum	usitatissimum	 capsule	frg.	 uncharred	 93.40	 299.0	 442.8	 239.8	 239.8	
Linum	usitatissimum	 seed	 semi-charred	 4.57	 0.2	 1.0	 0.1	 0.1	
Linum	usitatissimum	 capsule	(>2	frg.)	 semi-charred	 0.51	 0.0	 0.4	 0.0	 0.0	
Linum	usitatissimum	 capsule	frg.	 semi-charred	 3.05	 0.1	 0.0	 0.0	 0.1	
Linum	usitatissimum	 seed	 charred	 7.61	 0.6	 0.9	 0.1	 1.4	
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Linum	usitatissimum	 capsule	frg.	 charred	 3.55	 0.3	 0.0	 0.0	 0.8	
Papaver	somniferum	 seed	 uncharred	 99.49	 3443.8	 10007.5	 3448.5	 2695.0	
Papaver	somniferum	 capsule	frg.	 uncharred	 4.57	 0.3	 0.4	 0.3	 0.5	
Papaver	somniferum	 seed	 charred	 5.08	 0.2	 0.1	 0.3	 0.2	
potentially	cultivated	plants	
		
		 		 		 	 	 	
Anethum	graveolens	 fruit	 uncharred	 1.02	 0.1	 0.0	 0.2	 0.0	
cf.	Anethum	graveolens	 fruit	 uncharred	 0.51	 0.0	 0.0	 0.0	 0.0	
Apium	graveolens	 fruit	 uncharred	 5.58	 0.1	 0.0	 0.0	 0.5	
Table	7.	Ubiquity	and	average	densities	(r/l)	per	sample	(across	all	profile	samples,	 including	naturally	formed	 ones)	 of	 cultivars	 of	 Zug-Riedmatt.	 Pea	 pod	 fragments	 were	 only	 recorded	 in	 88	 out	 of	 197	samples	because	they	were	not	recognized	in	the	beginning	of	analyses.		When	only	looking	at	the	stratigraphical	units	consisting	of	organic	sediment,	3,	6	and	8,	different	 distribution	 patterns	 of	 cultivars	 could	 be	 seen	 (see	 Figs.	 5-9	 and	Tab.	 5).	 It	cannot	be	decided	at	this	point	whether	these	differences	represent	overall	trends,	local	circumstances	 within	 the	 small	 excavated	 area,	 or	 if	 they	 mainly	 mirror	 taphonomic	conditions	(see	also	chapter	4.3.1	in	the	discussion).	Uncharred	remains	of	 flax	and	seeds	of	opium	poppy	as	well	as	cereal	bran	(and	chaff	which	might	be	einkorn	or	einkorn/emmer	wheat)	appeared	in	highest	densities	in	the	lowermost	 unit	 3.	 Chaff	 of	 emmer	wheat,	 tetraploid	naked	wheat,	 barley,	 unidentified	wheat	 and	 unidentified	 cereals	 appeared	 in	 highest	 densities	 in	 uppermost	 unit	 8.	Charred	chaff	as	well	as	charred	grain	also	appeared	in	highest	densities	in	uppermost	unit	8,	with	 the	exception	of	charred	grain	of	unidentified	wheat	and	tetraploid	naked	wheat,	which	appeared	in	highest	numbers	in	unit	6.	Pea	pod	fragments	also	appeared	in	highest	numbers	in	unit	8.		
4.1.3	Gathered	plants	(fruits,	berries,	nuts,	acorns)	Some	plants	like	hazelnuts	and	different	types	of	berries	were	clearly	gathered	for	their	nutritional	 value	 as	 known	 from	many	 other	 Neolithic	 settlements	 (e.g.	 Maier,	 2001;	Hosch	 and	 Jacomet,	 2004).	Others	might	 have	 been	 gathered	 and	 consumed	or	 fed	 to	domestic	 animals.	The	 list	 of	 gathered	plants	used	here	 is	 not	 complete	 and	 explicitly	does	not	include	plants	which	might	have	been	gathered	for	their	vegetative	parts	or	for	other	 purposes	 than	 human	 consumption.	 Furthermore,	 it	 has	 to	 be	 noted	 that	 small	samples	out	of	single	profiles	are	not	well	suited	to	determine	the	‘real	values’	of	large-seeded	 plants	 (that	 make	 up	 a	 large	 proportion	 of	 the	 gathered	 plants)	 in	 different	layers	 (Antolín	 et	 al.,	 2017b,	 appendix	 7.3),	 as	 these	 remains	 often	 occur	 in	concentrations	(e.g.	due	to	faeces,	disposal	in	middens)	and	are	therefore	not	regularly	spread	 over	 the	 settlement	 area.	 This	 should	 be	 kept	 in	 mind	 when	 their	 values	 are	discussed.	In	 total,	 at	 least	 14	 taxa	 found	 in	 samples	 of	 the	 Zug-Riedmatt	 site	 could	 have	 been	gathered	fruits,	berries,	nuts,	acorns	(Tab.	8).	They	occurred	in	highest	densities	in	units	6	(consisting	of	organic	sediment),	7	(consisting	of	organic	micrite)	as	well	as	8	and	3	(both	consisting	of	organic	sediment;	Tab.	6).	
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The	most	 common	 gathered	 plants	 at	 Zug-Riedmatt	 in	 terms	 of	 ubiquity	 and	 density	were	 wild	 strawberry	 (Fragaria	 vesca,	 fruits),	 crab	 apple	 (Malus	 sylvestris,	 seeds,	pericarp,	sometimes	stems	and	rarely	calyces)	or	pear	(Pyrus	pyraster,	 though	no	pear	seeds	 were	 found,	 but	 pericarp	 cannot	 be	 differentiated),	 raspberry	 (Rubus	 idaeus	fruits),	 blackberry	 (Rubus	fruticosus,	fruits),	 hazel	 (Corylus	avellana,	 pericarp)	 and	 oak	(Quercus	 sp.,	 pericarp,	 sometimes	 bottom	 of	 fruit,	 rarely	 charred	 cotyledons).	 Other	possibly	 gathered	 plants	 included	 rose	 (Rosa	 sp.,	 fruits;	 Fig.	 A11),	 Chinese	 lantern	(Physalis	alkekengi,	 seeds),	 European	 beech	 (Fagus	 sylvatica,	pericarp,	 rarely	 cupules;	Figs.	 A5,	 A6),	 elder	 (Sambucus	 sp.,	 seeds),	 sloe	 (Prunus	 spinosa,	 fruits)	 and	 European	blueberry	(Vaccinium	myrtillus;	Fig.	A19)	etc.	(Tab.	6,	8).			










Corylus	avellana	 seed/fruit	 uncharred	 65.99	 9.89	 7.99	 11.43	 14.16	
Corylus	avellana	 seed/fruit	 charred	 4.57	 0.09	 0.00	 0.27	 0.01	
Crataegus	monogyna	 seed/fruit	 uncharred	 1.52	 0.07	 0.00	 0.12	 0.18	
Fagus	sylvatica	 pericarp	 uncharred	 24.37	 3.45	 0.41	 12.52	 1.16	
Fagus	sylvatica	 cupule	 uncharred	 4.06	 0.02	 0.00	 0.00	 0.00	
Fragaria	vesca	 seed/fruit	 uncharred	 90.36	 193.04	 293.71	 382.22	 167.91	
Malus	sylvestris	 seed/fruit	 uncharred	 82.23	 23.30	 25.89	 44.95	 14.29	
Malus	sylvestris	 fruit	flesh	 uncharred	 4.57	 0.20	 0.00	 0.26	 0.44	
Malus	sylvestris	 seed/fruit	 charred	 1.02	 0.03	 0.00	 0.15	 0.00	
Malus/Pyrus	 pericarp	 uncharred	 88.32	 51.76	 100.40	 95.26	 34.10	
Malus/Pyrus	 stem	 uncharred	 38.07	 2.66	 3.11	 3.44	 1.62	
Malus/Pyrus	 calynx	 uncharred	 1.52	 0.07	 0.22	 0.00	 0.00	
Malus/Pyrus	 stem	 charred	 1.52	 0.10	 0.83	 0.12	 0.00	
Physalis	alkekengi	 seed/fruit	 uncharred	 37.56	 2.84	 1.33	 2.90	 5.60	
Physalis	alkekengi	 seed/fruit	 charred	 0.51	 0.06	 0.00	 0.00	 0.22	
Prunus	spinosa	 seed/fruit	 uncharred	 12.18	 0.51	 0.00	 0.85	 0.47	
Quercus	sp.	 pericarp	 uncharred	 50.25	 16.12	 2.89	 6.05	 41.95	
Quercus	sp.	 bottom	of	fruit	 uncharred	 11.68	 1.51	 0.28	 0.49	 4.32	
Quercus	sp.	 cotyledon	 charred	 0.51	 0.01	 0.11	 0.00	 0.00	
Rosa	sp.	 seed/fruit	 uncharred	 42.13	 3.02	 2.66	 3.89	 4.27	
Rubus	fruticosus	 seed/fruit	 uncharred	 60.41	 13.47	 8.51	 34.65	 9.48	
Rubus	fruticosus	 seed/fruit	 charred	 0.51	 0.06	 0.00	 0.00	 0.22	
Rubus	fruticosus/idaeus	 seed/fruit	 uncharred	 50.76	 35.02	 45.54	 49.38	 49.00	
Rubus	idaeus	 seed/fruit	 uncharred	 86.80	 227.40	 242.77	 402.88	 240.35	
Rubus	idaeus	 seed/fruit	 semi-charred	 0.51	 0.02	 0.00	 0.12	 0.00	
Sambucus	sp.	 seed/fruit	 uncharred	 22.84	 0.90	 0.37	 1.02	 1.99	
Taxus	baccata	 seed/fruit	 uncharred	 2.03	 0.03	 0.13	 0.07	 0.00	
Vaccinium	cf.	myrtillus	 seed/fruit	 uncharred	 2.03	 0.05	 0.00	 0.06	 0.09	
Vaccinium	sp.	 seed/fruit	 uncharred	 2.54	 0.10	 0.00	 0.00	 0.22	
Table	8.	Ubiquity	and	average	densities	(r/l)	per	sample	(across	all	profile	samples,	 including	naturally	formed	ones)	of	the	most	likely	gathered	fruits,	berries,	nuts	and	acorns	of	Zug-Riedmatt.	Some	taxa	are	not	 listed	 here,	 as	 they	 are	 primarily	 assigned	 to	 other	 (ecological)	 groups,	 but	 they	 could	 have	 been	gathered	for	consumption	as	well	(in	small	quantities).	
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When	 only	 looking	 at	 the	 stratigraphic	 units	 3,	 6	 and	 8,	 all	 consisting	 of	 organic	sediment,	some	different	distribution	patterns	of	gathered	plants	could	be	seen	(Tab.	8).	Remains	of	crab	apple	or	pear	appeared	in	 lowest	densities	 in	unit	8.	Berries	 like	wild	strawberry,	raspberry,	blackberry	and	even	dewberry	all	appeared	in	highest	densities	in	unit	6.	Beech	nuts	were	the	only	fat-	and	starch-rich	fruits	which	were	more	common	in	 unit	 6.	 Hazelnuts	 and	 acorns	 were	 most	 common	 in	 unit	 8.	 Chinese	 lantern,	 rose,	wayfaring	tree	and	elder	also	reached	highest	densities	in	unit	8.	Regarding	ubiquities,	differences	were	sometimes	not	as	big	as	for	density.		
4.1.4	Wild	plants	of	no	obvious	use	
4.1.4.1	Aquatic	and	wetland	plants	In	 research	 paper	 3.4,	 these	 plant	 groups	 were	 discussed	 in	 detail	 (corresponding	figures	 are	 shown	 only	 there,	 see	 Figs.	 5-9	 in	 research	 paper	 3.4).	 Reasons	 for	 the	absence	of	aquatic	plants	in	some	samples	are	also	discussed	in	research	paper	3.4.	Oligotrophic	 aquatic	 plants,	 which	 were	 represented	 by	 two	 genera	 of	 stoneworts	(Chara	sp.,	Nitella	sp.,	oospores),	were	most	common	in	stratigraphic	units	14	(at	the	top	of	the	stratigraphy)	and	1	(at	the	base	of	the	stratigraphy),	both	consisting	of	micrite,	as	well	 as	 in	 units	 13	 (consisting	 of	 ‘mixed’	 sediment,	 top	 of	 stratigraphy)	 and	 10	(consisting	of	organic	micrite,	towards	top	of	stratigraphy;	Tabs.	5,	6).	Meso-/eutrophic	 aquatic	 plants,	 represented	 by	 10	 taxa,	 were	 most	 common	 in	stratigraphic	units	mostly	situated	around	the	top	of	the	stratigraphy:	12	(consisting	of	organic	micrite)	and	13	(consisting	of	 ‘mixed’	sediment),	and	in	one	case	in	an	organic	micrite	 layer	 towards	 the	 bottom	 (unit	 4;	 Tab.	 5).	 The	 most	 common	 species	 in	 this	group	were	different	naiads:	holly-leaved	(Najas	marina/intermedia),	brittle	(N.	minor)	and	slender	(N.	flexilis)	naiad,	and	they	were	represented	mainly	by	seeds	and	less	often	by	leaf	fragments	(Fig.	A33-35;	Tab.	6).	Seeds/fruits	of	yellow	water-lily	(Nuphar	lutea)	and	pondweed	 (Potamogeton	sp.;	 Fig.	A36,	A38)	 could	 also	be	 found	 is	 some	 samples,	while	 spiked	water	milfoil	 (Myriophyllum	spicatum,	 fruits)	 and	water	 chestnut	 (Trapa	
natans,	fruits;	Fig.	A13,	A14)	were	only	found	two	resp.	three	times.	Riparian	woodland	and	carr	plants,	represented	by	10	taxa,	were	most	common	in	the	uppermost	stratigraphic	units	13	(consisting	of	‘mixed’	sediment)	and	14	(consisting	of	micrite;	Tab.	5).	By	far	the	most	common	species	in	this	group	was	black	alder	(Alnus	cf.	
glutinosa,	fruits),	represented	by	fruits	and	more	rarely	female	cones	(Fig.	A4)	or	their	scales	 (Tab.	 6).	Dewberry	 (Rubus	caesius	fruits)	 and	bird	 cherry	 (Prunus	padus,	 fruits)	were	the	only	other	two	taxa	reaching	an	ubiquity	of	>10%.	Reed	 bed	 and	 sedge	 swamp	 plants,	 represented	 by	 11	 taxa,	 appeared	 in	 highest	densities	 in	 stratigraphic	 units	 situated	 in	 different	 sections	 of	 the	 stratigraphy,	 in	 its	uppermost	parts	(units	13,	consisting	of	‘mixed’	sediment,	and	12,	consisting	of	organic	micrite),	but	also	in	the	middle	(unit	6,	consisting	of	organic	sediment;	Tab.	5).	The	most	common	 taxa	 in	 this	 group	were	 gipsywort	 (Lycopus	europaeus,	fruits),	 common	 reed	(Phragmites	australis,	fruits)	 and	bulrush	 (Typha	sp.	seeds;	Tab.	6).	Common	club-rush	(Schoenoplectus	 lacustris,	 fruits)	 reached	 very	 high	 densities	 in	 some	 samples	 of	
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stratigraphic	 unit	 13	 in	 the	 uppermost	 part	 of	 the	 stratigraphy,	 but	 was	 not	 very	common	in	other	samples.	Other	notable	finds	were	cowbane	(Cicuta	virosa,	fruits;	Fig.	A26),	which	was	only	present	in	one	sample	in	stratigraphic	unit	8	(67.8),	but	in	a	higher	number	 as	 it	 seemed	 to	 line	 a	 Trichoptera	 larval	 case,	 and	 great	 fen	 sedge	 (Cladium	
mariscus,	fruits;	Fig.	A37)	in	units	1	(96.1)	and	5	(98.9;	appendix	7.9).	All	other	wetland	plants	were	more	common	in	different	parts	of	the	stratigraphy;	they	seem	to	concentrate	in	organic	sediments	(in	stratigraphic	units	3,	6	and	especially	8),	but	were	also	present	in	higher	numbers	in	unit	10	(towards	the	top	of	the	stratigraphy,	consisting	 of	 organic	 micrite;	 Tab.s	 5,	 6).	 The	 following	 plants	 are	 included	 here:	unassigned	 wetland	 plants	 (4	 taxa,	 among	 them	 alternate-leaved	 golden	 saxifrage	(Chrysosplenium	alternifolium,	seeds;	Fig.	A3),	which	has	so	far	only	rarely	been	found	in	Neolithic	 lakeshore	 settlements)	 and	 two	 ecological	 groups,	 the	 first	 wet	 grassland	plants,	 represented	 by	 14	 taxa,	 with	 the	 most	 common	 taxa	 creeping	 buttercup	(Ranunculus	cf	repens,	fruits)	 and	greater	 plantain	(Plantago	major,	 seeds;	 both	with	 a	broad	ecological	range,	but	they	were	classified	into	this	group	due	to	their	preference	of	 moist	 soil).	 Other	 notable	 finds	 in	 this	 group	 were	 square-stalked	 St.	 John's	 wort	(Hypericum	tetrapterum,	seeds;	 Fig.	 A12)	 and	marsh	 valerian	 (Valeriana	dioica,	 fruits;	Fig.	A29).	The	other	group	was	shoreline	pioneers	and	shore	weeds,	represented	by	12	taxa,	 with	 the	 most	 common,	 mainly	 nutrient-loving	 taxa	 water	 chickweed/wood	stitchwort	 (Myosoton	 aquaticum/Stellaria	 nemorum;	 their	 seeds	 are	 difficult	 to	differentiate,	but	due	to	the	statistical	correlations	it	is	in	this	case	more	likely	Mysoton	
aquaticum)	 and	 water	 pepper	 (Polygonum	hydropiper,	 fruits).	 Common	 nettle	 (Urtica	
dioica,	fruits)	did	not	appear	regularly,	but	reached	high	densities	in	stratigraphic	unit	3,	close	to	the	bottom	of	the	stratigraphy.	Other	notable	finds	in	this	group	were	trifid	bur	marigold	 (Bidens	tripartita,	fruits;	 Fig.	A32)	 and	nodding	bur	marigold	 (Bidens	cernua,	fruits;	Fig.	A31),	distinguishable	by	the	number	of	pappus	bristles,	which	were	in	some	cases	preserved	well	enough	to	allow	a	distinction	between	the	two	species.	
	
4.1.4.2	Woodland	plants	Woodland	plants	appeared	in	highest	densities	in	the	stratigraphic	units	3,	6	and	8,	all	consisting	of	 strongly	organic	 sediment,	 as	well	 as	 in	 the	organic	micrite	which	 forms	stratigraphic	 unit	 7	 (Tabs.	 5,	 6).	 Despite	 these	 general	 trends	 concerning	 units,	fluctuations	between	 fine	 layers	were	sometimes	quite	 large,	e.g.	 in	unit	9,	exclusively	loamy	samples	had	lower	densities	than	mostly	organic	intermediate	layers	(Figs.	5-9).	The	 stratigraphic	 units	 consisting	 of	 organic	 sediments	 also	 contained	 the	 highest	average	 numbers	 of	 taxa.	 In	 total,	 19	 woodland	 plant	 taxa	 were	 found	 (excluded	 are	typically	gathered	plants	growing	in	woodland,	for	those	see	chapter	4.1.3).	With	a	ubiquity	of	almost	97%,	European	silver	fir	(Abies	alba,	needles,	seeds)	was	the	most	 commonly	 appearing	 taxon	 of	 this	 group.	 Other	 frequently	 appearing	woodland	taxa	(ubiquities	of	30-55%)	were	Norway	spruce	(Picea	abies,	needles),	European	yew	(Taxus	 baccata,	 needles),	 European	 mistletoe	 (Viscum	 album	 leaves,	 fruits,	 bark	 and	twigs),	 birch	 (Betula	pendula/pubescens,	 fruits	 and	bracts)	 and	 three-veined	 sandwort	
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(Moehringia	trinervia,	seeds).	The	woodland	moss	Neckera	crispa	also	appeared	in	many	samples.	 Other	 mosses	 were	 not	 yet	 identified,	 but	 it	 has	 to	 be	 noted	 that	 in	 some	samples,	moss	capsules	(Fig.	A42)	were	present	as	well,	especially	in	stratigraphic	unit	5	of	 profile	 88.	 Other	 notable	 finds	 in	 this	 ecological	 group	 were	 yellow	 archangel	(Lamium	galeobdolon,	fruits;	Fig.	A21)	and	wych	elm	(Ulmus	glabra,	fruit;	Fig.	A7).		
4.1.4.3	Woodland	clearing	edge,	hedge,	bush	plants	18	taxa	growing	in	woodland	clearing	edges,	hedges	and	bushes	were	found	(excluded	are	 gathered	 plants	 growing	 in	 these	 habitats,	 these	 were	 treated	 in	 chapter	 4.1.3).	These	 plants	 were	 most	 numerous	 in	 stratigraphic	 units	 6	 and	 8	 (both	 consisting	 of	organic	sediment),	10	(consisting	of	organic	micrite)	as	well	as	in	one	of	the	uppermost	stratigraphic	units,	13	(consisting	of	‘mixed’	sediment;	Tabs.	5,	6).	This	ecological	group	was	most	 numerous	 in	 profile	 sequence	 68-67	 (Fig.	 7)	 and	 densities	 often	 fluctuated	considerably	between	different	fine	layers	(Figs.	5-9).	The	most	ubiquitous	taxa	were	perforate	St.	John's	wort	(Hypericum	perforatum,	seeds),	oregano	(Origanum	vulgare,	fruits)	and	common	nipplewort	(Lapsana	communis,	fruits).	Taxa	 with	 a	 ubiquity	 of	 >10%	 were	 willowherb	 (Epilobium	 sp.,	 seeds),	 wild	 basil	(Clinopodium	 vulgare,	 fruits),	 wayfaring	 tree	 (Viburnum	 lantana,	 fruits)	 and	 common	hemp-nettle	 (Galeopsis	cf.	 tetrahit,	 fruits).	Other	notable	 finds	were	 fragrant	 agrimony	(Agrimonia	 procera,	 false	 fruits;	 Fig.	 A10)	 besides	 common	 agrimony	 (Agrimonia	
eupatoria,	false	fruits;	Fig.	A10)	and	a	single	find	of	hop	(Humulus	lupulus,	fruit;	Fig.	A8)	in	sample	96.10	(stratigraphic	unit	5).	
	
4.1.4.4	Grassland	plants	Grassland	 plants	 were	 represented	 by	 a	 total	 of	 14	 taxa.	 They	 appeared	 in	 highest	densities	 in	 stratigraphic	 units	 6,	 8	 (both	 consisting	 of	 organic	 sediment)	 and	 10	 (an	organic	 micrite	 layer;	 Tabs.	 5,	 6).	 This	 ecological	 group	 was	 most	 numerous	 in	stratigraphic	unit	8	(consisting	of	strongly	organic	sediment)	of	profile	sequences	68-67	and	74-73,	though	large	fluctuations	could	be	found	here	as	well	(Figs.	6,	7;	for	location	of	 the	 profiles	 see	 Fig.	 3).	 In	 other	 profile	 sequences,	 lower	 densities	 were	 found	 in	general,	with	some	fluctuations	between	fine	layers	(Figs.	5,	8,	9).	The	 most	 ubiquitous	 taxa,	 appearing	 in	 half	 of	 all	 samples,	 was	 smooth	 or	 rough	meadow-grass	 (Poa	 pratensis/trivialis,	 fruits).	 Common	 self-heal	 (Prunella	 vulgaris,	fruits)	also	appeared	in	many	samples	and	clover	(Trifolium	sp.,	petals)	had	a	ubiquity	of	16%.	 Other	 notable	 finds	 were	 star	 gentian	 (Gentiana	 cruciata,	 seeds;	 Fig.	 A20),	hogweed	 (Heracleum	 sphondylium,	 fruit;	 Fig.	 A27)	 and	 laserwort	 (Laserpitium	 siler,	fruits;	 Fig.	 A28).	 The	 last	 species	 nowadays	 usually	 grows	 in	montainous	 regions	 and	cannot	be	found	close	to	the	settlement	(the	closest	location	is	at	the	southern	tip	of	lake	Zug),	but	it	was	also	found	in	Zürich-Parkhaus	Opéra	(Antolín	et	al.,	2017a).	
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4.1.4.5	Winter	crop	annual	and	flax	weeds	Winter	 crop	 annual	 and	 flax	 weeds	 were	 represented	 by	 only	 9	 taxa	 of	 which	 none	appeared	 in	 more	 than	 10%	 of	 all	 samples,	 and	 they	 reached	 highest	 densities	 in	stratigraphic	 unit	 5	 (consisting	 of	 loamy	 sediment)	 (Tabs.	 5,	 6;	 Figs.	 5-9).	 This	 was	especially	 due	 to	 one	 species,	 Cretan	 catchfly	 (Silene	 cretica,	 seeds;	 Fig.	 A18),	 which	appeared	 in	highest	densities	 in	 samples	 from	the	so	called	 ‘bone	midden’	 in	 the	NW-corner	of	 the	excavated	area	(belonging	 to	unit	5);	but	 it	was	present	 in	 low	densities	also	 in	 samples	 of	 stratigraphic	 unit	 4	 (an	 organic	 micrite)	 of	 all	 profile	 sequences.	Narrow-fruited	cornsalad	(Valerianella	dentata,	fruits)	was	the	only	other	species	with	a	ubiquity	of	>5%,	but	low	overall	densities.	
	
4.1.4.6	Summer	crop	annual	weeds,	annual	ruderals	With	 16	 taxa,	 summer	 crop	 annual	 weeds	 and	 annual	 ruderals	 were	 the	 better	represented	 weed	 group	 at	 Zug-Riedmatt.	 This	 ecological	 group	 reached	 highest	densities	 in	stratigraphical	units	6,	8	(both	consisting	of	organic	sediment)	and	10	(an	organic	 micrite;	 Tabs.	 5,	 6).	 It	 only	 appeared	 in	 very	 low	 densities	 in	 the	 lowermost	stratigraphic	 units	 1-3,	 except	 in	 profile	 sequence	 74-73,	 where	 common	 vervain	(Verbena	officinalis	fruits)	already	appeared	in	slightly	higher	densities	in	unit	3.	Despite	this	general	 trend,	 some	 large	 fluctuations	between	 fine	 layers	 could	be	 found	as	well	(Figs.	5-9).	Common	vervain	(Verbena	officinalis,	fruits)	was	the	best-represented	taxon	in	general,	appearing	 in	 two	 thirds	 of	 all	 samples.	 Thyme-leaved	 sandwort	 (Arenaria	serpyllifolia,	seeds)	appeared	in	half	of	all	samples	and	was	in	one	case	even	represented	by	a	capsule	filled	with	seeds.	Wild	turnip	(Brassica	cf.	rapa,	 seeds),	common	knotgrass	(Polygonum	
aviculare,	 fruits),	 redshank	 (Polygonum	persicaria,	 fruits),	 prickly	 sow-thistle	 (Sonchus	
asper,	 fruits),	 common	 chickweed	 (Stellaria	 media,	 seeds)	 and	 smooth	 finger-grass	(Digitaria	cf.	ischaemum,	 fruits)	 appeared	 in	20-40%	of	 all	 samples.	Hairy	 finger-grass	(Digitaria	sanguinalis;	Fig.	A39)	was	also	found,	but	only	in	one	sample	(46.23).	
	
4.1.4.7	Perennial	ruderals	Perennial	ruderal	plants	were	represented	by	11	taxa.	They	appeared	in	high	densities	in	 unit	 8	 (consisting	 of	 organic	 sediment,	 >100r/l;	 Tab.	 6),	 especially	 in	 profile	sequences	68-67	and	74-73	(Figs.	6,7).	Otherwise	they	never	reached	average	densities	of	>15r/l	(Tab.	5;	Figs.	5-9).		Only	burdock	(Arctium	sp.,	fruits	and	bracts)	appeared	with	a	higher	ubiquity	of	almost	50%.	 Burdock	 bracts	 reached	 highest	 numbers	 in	 stratigraphic	 unit	 8	 (consisting	 of	organic	 sediment),	 and	 especially	 in	 one	 sample	 (45.4),	 several	 almost	 whole	 flower	heads	 (burs;	 Fig.	A30)	of	 the	plant	 could	be	 found.	Another	notable	 find	was	 cat-mint	(Nepeta	cataria,	fruits;	Fig.	A22).	
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4.1.4.8	Various	unassigned	plants	Many	 plants	 (23	 taxa	 in	 total)	 could	 not	 clearly	 be	 ascribed	 to	 an	 ecological	 group,	mostly	because	they	were	not	identifiable	to	species	level.	Almost	all	of	them	were	more	numerous	in	the	upper	half	of	the	occupation	phase	(esp.	stratigraphic	units	6,	8	and	10;	Tabs.	5,	6)	Large	fluctuations	could	also	be	found	in	this	group	(Figs.	5-9).	They	will	not	be	 discussed	 in	 detail,	 but	 most	 numerous	 among	 them	 were	 mouse-ear	 chickweed	(Cerastium	sp.,	seeds),	sedge	(Carex	sp.,	fruits),	dock	and/or	sorrel	(Rumex	sp.,	fruits)	and	strawberry/cinquefoil	(Fragaria/Potentilla,	fruits).		

















Table	 9.	 Average	 density	 (r/l)	 of	 ecological	 groups	 in	 all	 analysed	 samples	 from	 (mainly)	 naturally	accumulated	sediments	from	ZGRI	RIII,	ZGSCH	and	Zug-Riedmatt	profile	50.		
	 111	
In	 the	 appendix,	 the	 reports	 discussing	 the	 archaeobotanical	 results	 from	 ZGRI	 RIII	(appendix	7.4)	and	from	ZGSCH	(appendix	7.5)	can	be	found.	There,	it	is	mentioned	that	most	samples	could	be	sorted	into	two	types:	either	they	had	high	densities	of	aquatic	plants,	 or	 they	 lacked	 them	 almost	 completely.	 For	 four	 samples	 from	 ZGRI	 RIII,	 the	latter	 was	 the	 case,	 while	 the	 lowermost	 sample	 of	 the	 stratigraphy	 had	 very	 high	amounts	 of	 aquatic	 plants.	 All	 three	 samples	 from	 Zug-Riedmatt	 profile	 50	 contained	high	amounts	of	aquatic	plants.	For	samples	from	ZGSCH,	this	was	less	clear.	One	sample	seemed	to	be	mixed	with	material	 from	a	cultural	 layer,	 it	was	 the	only	sample	which	contained	a	higher	density	of	cultivars.	Out	of	the	other	four	samples,	two	contained	no	aquatic	plants,	while	the	other	two	did	(but	one	more	than	the	other).		
4.3	Discussion	
4.3.1	Limitations	of	this	study	At	 Zug-Riedmatt,	 the	 analysed	 samples	 were	 primarily	 profile	 samples	 with	 small	volumes	(in	average	0.4ml)	from	five	locations	within	a	small	area	of	only	64m2.	While	they	 covered	 the	 stratigraphy	 in	 a	 very	 detailed	 way,	 the	 surface	 was	 not	 well-represented,	and	only	a	very	small	part	of	the	sediments	of	the	occupation	phases	was	analysed.	This,	however,	was	not	 the	aim	of	 the	study,	 in	which	methodological	 issues	and	 layer	 formation	 were	 the	main	 focus,	 and	 this	 has	 to	 be	 kept	 in	mind	 when	 the	economy	and	environment	of	the	site	are	discussed	in	general	in	the	following	chapters.	As	we	 have	 found	 out	 in	 the	 framework	 of	 the	 SNF	 project	 (and	 this	 Ph.D.	 thesis),	 in	wetland	sites,	 the	position	of	 the	excavated	part	of	a	 settlement	within	 the	shore	area	can	have	a	large	impact	on	the	spectra	(see	e.g.	research	paper	3.4,	Antolín	et	al.,	2017a).	In	 addition,	 the	 small	 volume	 of	 the	 samples	 could	 also	 have	 caused	 a	 bias,	 as	 large-seeded	 remains	 are	 usually	 not	 represented	 in	 the	 same	 way	 as	 in	 large-volumed	samples	(e.g.	Hosch	and	Jacomet,	2001;	Maier,	2001;	Antolín	et	al.,	2017b,	appendix	7.3).	Antolín	 et	al.	 (2017b,	 appendix	 7.3)	 suggest	 that	 a	 ubiquity	 of	 50%	 for	 large-seeded	plant	remains	in	small-volumed	samples	can	already	indicate	an	important	resource	and	ubiquities	 should	 not	 directly	 be	 compared	 to	 those	 of	 sites	 where	 large-volumed	samples	have	been	investigated.	The	statistical	analyses	done	for	the	botanical	macroremain	results	in	the	framework	of	this	 study	 so	 far	 did	 not	 render	 results	 outreaching	 the	 results	 of	 a	 ‘traditional’	evaluation.	 They	 were	 therefore	 not	 considered	 in	 the	 following	 (except	 correlations	done	 between	 ecological	 groups	 and	 the	 reclassification	 of	 units,	 as	mentioned	 in	 the	methods).		
4.3.2	An	attempt	to	reconstruct	the	formation	of	layers	
4.3.2.1	Classification	of	the	samples	from	naturally	accumulated	sediments	The	analysis	of	samples	from	naturally	accumulated	sediments	can	be	a	very	helpful	tool	to	 interpret	 archaeological	 sediments	 at	 shores,	 see	 e.g.	 Jacomet	 (1985),	 where	 the	extensions	 of	 the	 settlement	 layer	 J	 of	 Zürich-AKAD	 Seehofstrasse	 outside	 of	 the	
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settlement	 area	 were	 analysed.	 It	 can	 be	 established	which	 remains	 ended	 up	 in	 the	sediment	 naturally,	 and	 if	 the	 origin	 of	 the	 samples	 from	 naturally	 accumulated	sediments	is	clear,	they	enable	the	reconstruction	of	the	natural	conditions	at	the	time	of	the	deposition.	Using	 the	 same	 set	 of	 data	 as	 for	 research	 paper	 3.4	 (only	 densities	 of	 aquatic	 and	wetland	 plants),	 the	 results	 of	 the	 samples	 from	 mostly	 naturally	 accumulated	sediments	 from	ZGRI	RIII,	ZGSCH	and	the	 three	samples	 from	Zug-Riedmatt	profile	50	(see	chapter	4.2)	were	compared	in	a	correspondence	analysis	to	the	rest	of	the	samples	from	Zug-Riedmatt	and	natural	modern	analogue	samples	(Bollinger,	1981)	taken	from	the	indicator	group	database	(Fig.	10).	As	presented	 in	 research	paper	3.4,	oligotrophic	aquatic	plants	clearly	separated	 from	all	 other	 ecological	 groups	 at	 the	 negative	 side	 of	 axis	 1	 (Fig.	 10A).	 Meso-/eutrophic	aquatic	plants,	riparian	woodland	and	carr	plants	as	well	as	reed	bed	and	sedge	swamp	plants	formed	another	group	at	the	positive	side	of	axis	1	and	the	negative	side	of	axis	2.	Wet	grassland	plants	as	well	as	shoreline	pioneers	grouped	at	the	positive	sides	of	both	axes.	In	 research	 paper	 3.4,	 the	 positioning	 of	 the	 archaeological	 and	 natural	 modern	analogue	 samples	 is	 described.	 Here,	 the	 same	 pattern	 as	 in	 research	 paper	 3.4	 (Fig.	10B)	 could	 be	 found:	 archaeological	 samples	 from	 units	 1(micrite	 at	 the	 basis	 of	 the	stratigraphy),	14	(micrite	at	top	of	the	stratigraphy),	13	(‘mixed’	sediment),	11	(loamy	sediment)	 and	 2	 (consisting	 of	 organic	 micrite)	 and	 many	 natural	 modern	 analogue	samples	 from	 lakewards	 of	 the	 Phragmites	 belt	 were	 associated	 with	 oligotrophic	aquatic	plants.	The	 three	natural	 samples	 from	Zug-Riedmatt,	profile	50,	also	grouped	here,	as	did	three	samples	from	ZGSCH	(3,	9,	15)	and	one	sample	from	ZGRI	RIII	(123.2).	Units	 4	 and	 10	 (both	 consisting	 of	 organic	 micrite)	 mostly	 associated	 with	 meso-/eutrophic	aquatic	and	riparian	woodland	and	carr	plants,	and	so	did	the	two	remaining	samples	 from	ZGSCH	(20,	21)	and	most	of	 the	 samples	 from	ZGRI	RIII	 (121.8,	121.12,	122.11,	 122.14).	 These	 results	 correspond	 to	 assumptions	 made	 in	 the	 discussions	about	 results	 from	 ZGSCH	 (appendix	 7.5)	 and	 ZGRI	 RIII	 (appendix	 7.4).	 The	 fluvial	sediments	from	ZGRI	RIII	grouping	with	riparian	woodland	and	carr	plants	confirms	the	usability	 of	 this	 ecological	 group	 for	 interpretations.	 The	 lowermost	 sample	 of	 the	analysed	profile	sequence	apparently	had	quite	a	different	composition,	pointing	more	towards	 limnic	 influence.	 This	 was	 also	 the	 case	 in	 the	 three	 samples	 from	 Zug-Riedmatt,	profile	50.	Samples	from	ZGSCH	grouped	according	to	their	contents:	mixed.	Two	samples	from	one	core	which	was	taken	slightly	more	to	the	south	than	the	others	were	 also	 fluvially	 influenced,	 possibly	 by	 the	 Aabach	 or	 the	 Siehbach	 which	 were	located	closely	to	the	site	in	the	past	(Reinhard	et	al.,	2016).		
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Figure	 10.	 CA-graph	 based	 on	 density	 values	 of	 ecological	 groups	 of	 aquatic	 and	 wetland	 plants	 in	samples	from	Zug-Riedmatt,	contemporary	natural	samples	(Bollinger,	1981)	and	samples	from	naturally	accumulated	sediments	from	Zug-Riedmatt	profile	50	(ZGRI	50),	Zug-Riedmatt	Überbauung	Riedpark	III	(ZGRI	RIII)	 and	Zug-Schützenmatt	 (ZGSCH).	A)	 columns	B)	 rows.	Accumulated	 intertia	 of	Axis	1	 and	2:	61%.		
4.3.2.2	The	stratigraphy	of	Zug-Riedmatt	Based	 solely	 on	 macrobotanical	 findings	 (research	 paper	 3.4	 and	 chapter	 3.2),	 the	following	assumptions	about	layer	formation	at	Zug-Riedmatt	can	be	made.	In	the	near	future,	these	results	will	be	compared	to	results	from	micromorphology,	palynology	and	entomology	for	validation,	which	will	hopefully	lead	to	advanced	insights.	In	the	following,	it	is	assumed	that	aquatic	and	wetland	plants	ended	up	in	the	sediment	mostly	 due	 to	 natural	 causes	 like	 local	 growth	 (Maier,	 1995,	 2011)	 or	 flooding	 even	though	an	intentional	presence	cannot	be	fully	excluded.	
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Unit	 1,	 the	 micrite	 layer	 under	 the	 occupation	 layer,	 corresponds	 to	 what	 is	 to	 be	expected	 in	 natural	 sediments	 (e.g.	 Brombacher	 and	Hadorn,	 2004).	 Compared	 to	 the	uppermost	unit	14,	 the	micrite	 layer	above	 the	occupation	 layer	 (and	 therefore	also	a	natural	sediment),	more	meso-/eutrophic	plants	(Najas	flexilis)	were	present	 in	unit	1,	so	it	is	possible	that	the	environment	of	the	excavated	area	before	the	onset	of	settling	activities	was	nutrient-richer.	Another	possibility	is	that	sediments	were	slightly	mixed	later	(e.g.	due	to	natural	causes	during	the	deposition	of	the	overlaying	unit)	or	that	the	depth	 of	 the	 lake	 was	 different.	 Birch	 fruits	 with	 their	 wings	 probably	 flew	 in	 from	further	away	(Bollinger,	1981). Something	in	the	sedimentation	process	clearly	changed	between	units	1	and	2,	because	the	 sediment	 became	much	more	 organic	 and	 the	 plant	 spectra	 broadened,	 including	more	 cultivar	 and	wild	 plant	 species.	 Interestingly,	 this	 change	might	 have	 happened	before	the	settlement	of	Zug-Riedmatt	was	placed	exactly	at	the	excavated	area.	Nearby	settling	activities	can	be	supposed	by	the	fact	that	the	organic	micrite	sediment	of	unit	2	did	 not	 yet	 consist	 of	 purely	 organic	material	 and	 densities	 of	 cultivated	 plants	were	lower	than	in	the	strongly	organic	sediments	of	unit	3	above.	It	is	therefore	very	likely	that	settlement	activities	began	somewhere	nearby	the	excavated	area,	as	is	well	known	from	other	lakeshore	settlements;	often,	settling	activities	begin	with	the	building	of	1	or	2	 ‘pioneering’	houses	and	 settlements	 then	grow	over	 the	years	 (e.g.	Arbon	Bleiche	3,	Leuzinger,	2000;	Sutz-Lattrigen	‘Riedstation’,	Hafner,	1992;	Hafner	and	Suter,	2000).	So,	it	is	possible	that	organic	material	deposited	nearby	mixed	with	micrite	if	the	excavated	area	was	under	water	at	that	time	and	that	the	input	of	anthropogenic	material	was	too	low	 for	organic	material	 to	accumulate	 in	 rather	 ‘pure’	 form.	 In	any	 case,	 the	 samples	from	stratigraphical	unit	2	are	still	similar	to	the	completely	natural	micritic	ones	of	e.g.	unit	1.	A	 further	 change	 in	 the	 sedimentation	 process	 must	 have	 happened	 between	stratigraphic	units	2	and	3.	Organic,	anthropogenic	material	(among	it	several	cultivars	and	gathered	plants)	was	suddenly	deposited	in	high	quantities	during	the	deposition	of	stratigraphic	 unit	 3	 (Figs.	 5-9),	 which	 lets	 us	 suppose	 that	 settlement	 activities	 had	reached	 the	 area	 of	 the	 excavation	 now.	We	 assume	 that	 the	 excavated	 area	was	 still	covered	by	water,	as	there	are	still	some	aquatic	plants	present,	but	in	lower	quantities	than	before.	This	might	be	due	to	a	sudden	rise	in	the	sedimentation	rate.	However,	the	shore	 line	 pioneers	 appearing	 in	 this	 unit	 could	 point	 to	 somewhat	 drier	 conditions	compared	 to	 before,	 if	 they	 grew	 at	 the	 excavated	 area;	we	 cannot	 exclude,	 however,	that	 these	 plant	 remains	 were	 intentionally	 brought	 into	 the	 site	 (by	 humans	 or	domestic	animals	with	their	dung)	or	washed	in	from	nearby	exposed/dry	shore-areas.	The	latter	is	well	possible,	as	it	seems	that	there	was	not	yet	a	reed	bed	present	(almost	complete	 lack	 of	 caryopses	 of	Phragmites	australis)	 to	 stop	 inwash	 of	 seeds	 from	 the	land	into	the	lake	and	the	other	way	around	(Bollinger,	1981).	In	 stratigraphic	unit	4	 (consisting	of	 organic	micrite),	 there	was	 a	 sudden	 increase	of	meso-/eutrophic	 aquatic	 plants.	 This	 could	 have	 had	 different	 reasons:	 Either	 the	sedimentation	 rate	of	 anthropogenic	material	 sank	drastically	during	 the	 formation	of	
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this	unit	(settlement	activity	gap?)	without	a	change	of	the	water	level	or	the	water	level	at	the	site	rose,	washing	in	more	aquatic	plant	diaspores	from	either	the	lake	or	the	river	Lorze.	The	trophic	state	of	the	water	around	the	site	had	probably	increased	during	the	first	 phase	 of	 the	 settling	 activities,	 explaining	 the	 dominance	 of	 meso-/eutrophic	aquatic	plants	in	this	stratigraphic	unit.	The	continued	presence	of	cultivars	in	this	unit	points	 to	 a	 mixture	 of	 influences.	 Low	 densities	 of	 Cretan	 catchfly	 (Silene	 cretica)	 in	almost	 all	 samples	 of	 this	 unit	 point	 to	 a	 more	 uniform	 composition	 of	 this	 unit	(compare	to	eg.	unit	5).	Stratigraphic	unit	5	mostly	 consisted	 of	 loamy	 sediment	 and	most	 samples	 from	 this	unit	 contained	 at	 least	 some	 aquatic	 plants.	 This	 unit	 could	 only	 be	 found	 at	 some	locations	of	the	excavation	surface	(as	usual	for	loamy	areas,	so-called	‘Lehmstellen’,	see	e.g.	Bleicher	and	Ruckstuhl,	2015):	at	the	landwards	side	of	the	excavation	(profiles	88,	98	and	74,	Figs.	5,	6)	and	at	the	western	lakewards	side	(profile	96,	Fig.	9).	It	is	therefore	difficult	to	make	a	general	statement	about	this	unit,	but	at	one	point,	it	must	have	been	influenced	by	water.	Some	samples	of	this	unit	(the	ones	from	profiles	88	and	98)	came	from	a	special	archaeological	structure,	 the	 ‘bone	midden’	at	 the	NW,	 landward	site	of	the	 excavation	 (Fig.	 3;	 see	 Billerbeck	 et	al.,	 2014,	 appendix	 7.6,	 for	 transdisciplinary	analysis).	 Higher	 densities	 of	 Cretan	 catchfly	 (Silene	 cretica),	 moss	 capsules	 and	 fish	remains	in	this	unit	are	most	probably	parts	of	this	structure,	which	was	most	 likely	a	big	rubbish	heap.	The	excellent	preservation	of	remains	in	the	‘bone	midden’	could	have	been	partly	caused	by	the	loam	cover	sealing	off	the	underlaying	layers.	In	 stratigraphic	unit	6,	 consisting	 again	of	 strongly	 organic	material	 of	 anthropogenic	origin	 and	 showing	partly	 an	 absence	of	water	plants,	 it	 is	 possible	 that	 a	Phragmites	
australis	reed	grew	close	to	the	site,	as	Phragmites	caryopses	were	found	in	samples	of	this	unit.	These	fruits	have	been	found	to	be	good	indicators	for	close-by	reed	growth	in	modern	analogue	samples	(Bollinger,	1981,	see	also	Jacomet,	1985).	The	excavated	part	of	 the	settlement	could	 therefore	have	been	positioned	 in	 the	eulittoral,	 the	 transition	zone	between	land	and	water.	Numerous	wetland	plants	appearing	in	higher	densities	in	this	unit	support	this	assumption.	Results	of	the	CA,	where	some	samples	from	this	unit	grouped	 with	 modern	 analogue	 samples	 from	 landwards	 of	 a	 Phragmites	 stand	 and	some	with	modern	analogue	samples	from	Phragmites	stands	themselves,	would	also	fit	this	assumption	very	well	(see	Fig.	10).	For	the	site	Hornstaad-Hörnle	1A,	Maier	(2001)	also	assumed	a	location	of	the	site	in	the	transition	zone	of	the	eulittoral	and	sublittoral.	The	numerous	gathered	plants	and	naked	wheat	chaff,	which	reached	high	densities	in	this	 stratigraphic	 unit	 as	well,	would	point	 to	 a	 strong	 anthropogenic	 influence	 at	 the	same	time.	In	contrast,	in	stratigraphic	unit	7	(consisting	of	organic	micrite),	higher	concentrations	of	meso-/eutrophic	aquatic	plants	could	be	observed	again,	either	in	the	samples	in	unit	7	itself	or	immediately	below	unit	7	(explaining	why	densities	of	aquatic	plants	are	not	higher	 in	 this	 unit	 in	 general).	 However,	 the	 densities	 were	 much	 lower	 than	 in	 the	organic	micrite	units	4	or	10	and	the	anthropogenic	 influence	still	was	very	strong,	so	the	impact	of	the	change	in	the	sedimentation	process	must	have	been	weaker.	Either	a	possible	 flooding	 was	 shorter/washed	 in	 less	 material	 or	 the	 sedimentation	 of	
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anthropogenic	material	on	a	massive	scale	was	 interrupted	 for	a	shorter	 time.	Despite	that,	unit	7	was	the	most	easily	recognizable	organic	micrite	layer	throughout	all	profile	sequences	(Fig.	4).	Stratigraphic	unit	8,	again	consisting	of	strongly	organic	sediment,	 is	surely	connected	to	 a	 massive	 input	 of	 anthropogenic	 waste	 material	 at	 the	 excavated	 area,	 as	 high	densities	of	cultivars	and	gathered	plants	could	be	found	(Figs.	5-9).	Aquatic	plants	were	completely	 lacking	 in	 some	parts	of	 the	organic	 sediment	of	 this	 layer.	 In	 the	CA	 (Fig.	10),	most	of	 the	 samples	 from	 this	unit	 grouped	with	modern	analogue	 samples	 from	landwards	of	Phragmites	 stands	 (Bollinger,	 1981).	 Therefore,	 a	 position	of	 (all	 of)	 the	excavated	part	of	the	settlement	landwards	of	a	reed	belt	should	be	assumed	for	unit	8,	at	least	temporarily.	If	the	wetland	plants	present	in	these	samples	really	grew	locally	in	the	settlement,	the	ground	must	have	been	marshy.	It	could	even	have	been	temporarily	flooded	by	waves,	but	the	ground	could	not	have	been	covered	by	water	at	all	times	and	might	have	been	even	drier	 in	some	instances.	 It	 is	not	possible	to	decide	whether	the	grassland	plants	and	ruderals,	which	reached	high	densities	in	this	unit,	grew	directly	at	the	site	during	these	times	or	not.	Stratigraphic	unit	9	 (consisting	 of	 loam)	was	 only	 present	 at	 two	 restricted	 locations	within	 the	excavated	area	(as	 is	 typical	 for	 loamy	areas,	 the	so-called	 ‘Lehmstellen’,	 in	profiles	 89	 and	 92/101,	 Figs.	 5,	 9),	 so	 it	 is	 not	 possible	 to	make	 a	 general	 statement	about	 it.	The	only	plants	 reaching	comparably	high	densities	 in	 this	unit	were	smooth	finger-grass	 (Digitaria	 cf.	 ischaemum,	 Tab.	 6),	 a	 ruderal	 plant	 of	 humid	 places,	 also	growing	 in	shoreline	pioneer-communities	(Nanocyperion;	Oberdorfer,	2001)	and	fern	sporangia.	Whereas	the	former	could	have	grown	at	the	site	itself,	the	origin	of	the	latter	is	not	entirely	clear.	Stratigraphic	 unit	 10,	 consisting	 of	 organic	 micrite,	 had	 the	 highest	 density	 of	oligotrophic	 aquatic	 plants	 compared	 to	 all	 previous	 units	 except	 the	 natural	 lake	sediment	 (micrite)	of	unit	1.	 In	addition,	 it	 contained	a	 lot	of	meso-/eutrophic	aquatic	plants	(though	not	as	many	as	the	organic	micrite	layer	of	unit	4).	The	formation	of	this	unit	was	 therefore	most	 likely	 linked	 to	water,	possibly	because	 the	area	was	 flooded	again	after	unit	8	with	its	organic	material	had	formed.	However,	a	lot	of	plant	remains	which	reached	high	densities	in	the	organic	sediments	of	unit	8	only	slightly	decreased	in	unit	10	(e.g.	cultivars,	mainly	cereals	and	pulses;	grassland	plants;	weeds).	Also,	dung	of	 small	 animals	 (like	 rodents)	 as	 well	 as	 gemmules	 of	 freshwater	 sponges	 (which	usually	 develop	 to	 outlast	 unfavourable	 conditions,	 Schletterer	 and	Ols	 Eggers,	 2006)	might	point	to	drier	conditions	or	a	mixture	of	different	influences	as	well.	Stratigraphic	units	11	and	12	(consisting	of	loamy	sediment	resp.	organic	micrite)	were	also	influenced	by	water	(esp.	unit	12),	but	no	general	statements	are	possible	because	they	were	both	only	represented	by	a	few	samples.	Better	covered	by	samples	was	stratigraphic	unit	13,	a	mixed	layer	containing	natural	micrite,	but	also	coarse	organic	components.	It	showed	strong	indicators	for	(most	likely	limnic)	water	coverage	of	the	excavated	area	during	its	sedimentation.	But	at	the	same	time,	 indicators	 of	 a	 reed	 belt	 and	 of	 fluvial	 influence	were	 also	 detectable.	 In	 the	 CA	(Fig.	10),	samples	of	this	unit	scattered	over	all	three	of	these	ecological	groups	as	well.	
	 117	
This	would	 point	 to	 an	 area	 of	 high	water	 velocity,	 where	 river	 and	 lake	 joined.	 The	coarse	 organic	 components	 (e.g.	 female	 cones	 of	 alder,	 cupules	 of	 beech)	 in	 this	 unit	support	 this	 assumption.	 It	 is	 possible	 that	 the	 excavated	 area	 was	 now	 positioned	lakewards	 of	 a	 reed	 belt,	 as	 Schoenoplectus	 lacustris	 fruits	 (which	 occurred	 in	 high	densities	 in	 this	unit)	have	good	floating	abilities	and	can	spread	beyond	the	reed	bed	itself	(in	contrast	to	Phragmites	australis	fruits,	see	Bollinger,	1981,	Jacomet,	1985).	In	 the	 micrite	 above	 the	 occupation	 layer	 (stratigraphic	 unit	 14),	 only	 oligotrophic	aquatic	 plants	 and	 plants	 from	 riparian	 woodland	 and	 carr	 had	 a	 higher	 density	compared	 to	 other	 units,	 suggesting	 that	 the	 river	 Lorze	 (locally)	 might	 have	 had	 a	stronger	 influence	on	the	excavation	area	after	 the	 time	of	 the	settlement	 than	before.	Meso-/eutrophic	aquatic	plants	were	not	present	anymore	here,	indicating	a	change	of	the	water	back	to	oligotrophic	conditions	at	some	point	after	the	end	of	the	settlement	(we	cannot	exclude	a	hiatus	after	 the	abandonment	of	 the	settlement).	Again,	 fruits	of	birch	might	have	flown	in	from	further	away	(Bollinger,	1982).	To	summarise,	the	changes	of	the	plant	remain	spectra	between	different	units	of	Zug-Riedmatt	were	most	 probably	 caused	by	both	water	 level	 fluctuations	 and	 changes	 in	the	 sedimentation	 rate.	During	 the	 deposition	 of	 unit	 3,	 the	 excavated	 area	 could	 still	have	 been	 under	 full	 water	 coverage.	 Later	 however,	 the	 conditions	 at	 the	 excavated	part	 of	 the	 settlement	must	have	 changed,	 placing	 it	 in	 the	 eulittoral	 zone,	 during	 the	deposition	of	unit	8	even	landwards	of	a	reed	belt,	which	is	shown	by	a	comparison	with	modern	analogue	samples	(Bollinger,	1982).	This	confirms	conclusions	about	changing	lake	levels	from	previous	studies	(e.g.	Jacomet,	1985;	Brombacher	and	Hadorn	2004).	In	between,	homogenized	layers	with	higher	densities	of	aquatic	plants	probably	indicate	floodings	 of	 the	 excavated	 part	 of	 the	 settlement	 or	 very	 low	 sedimentation	 rates	 (in	units	consisting	of	organic	micrite).		
4.3.3	 The	 cultivar	 spectra	 of	 Zug-Riedmatt	 in	 comparison	 with	 other	 contemporaneous	
settlements	Results	 from	 Zug-Riedmatt	 were	 compared	 to	 results	 from	 other	 similarly	 dated	lakeshore	sites	in	order	to	get	an	overview	of	the	importance	of	the	main	cultivars.	For	this,	average	densities	based	on	‘classical’	volume	measurements	were	used	(where	not	available,	 the	 conversion	 factor	 from	 Antolín	 et	al.,	 2015	was	 used).	 In	 the	 following,	only	results	from	the	stratigraphical	units	3,	6	and	8	of	Zug-Riedmatt	are	compared,	as	their	sediments	were	strongly	organic	and	correspond	most	to	what	 is	usually	defined	as	occupation	layers.	As	the	research	of	the	last	years	at	the	IPAS	and	in	the	framework	of	the	project	has	shown,	only	large	differences	between	densities	should	be	interpreted	because	 of	 varying	 methodologies	 (e.g.	 sieving	 (research	 paper	 3.1);	 pre-treatment	(Vandorpe	and	Jacomet,	2007);	counting	units	(Antolín	et	al.,	2017b,	appendix	7.3).	Cereal	 bran	 densities	 for	 instance	 are	 hardly	 comparable,	 as	 different	 counting	 units	were	used	 in	Zug-Riedmatt	 (>1mm)	compared	 to	e.g.	Zürich-Parkhaus	Opéra	 (>2mm),	and	 in	other	sites,	only	 its	presence/absence	was	recorded	 (if	at	all).	We	can	only	see	what	 was	 already	 mentioned	 in	 chapter	 3.1.2:	 cereal	 bran	 appeared	 in	 very	 high	densities	in	the	strongly	organic	sediments	of	unit	3	at	Zug-Riedmatt.		
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Chaff	remains	of	barley	appeared	 in	higher	densities	than	 in	most	other	sites	(Fig.	11)	except	Zürich-Parkhaus	Opéra,	which	might	have	methodological	reasons	(barley	rachis	segments	are	very	fragile	and	might	be	destroyed	by	inappropriate	sieving	methods),	as	was	 already	 stated	 by	 Antolıń	 et	al.	 (2017a).	 However,	 such	 a	 high	 density	 was	 only	found	 in	 the	 strongly	 organic	 sediments	 of	 stratigraphical	 unit	 8	 of	 Zug-Riedmatt,	 but	this	was	the	case	 in	all	profile	columns	except	74-73	(data	not	shown	except	raw	data	per	 sample	 in	 appendix	 7.9).	 In	 the	 other	 two	 units	 consisting	 of	 organic	 sediment,	densities	 were	 more	 comparable	 to	 Pfäffikon-Burg,	 suggesting	 maybe	 that	 barley	became	more	important	in	the	course	of	the	time	of	occupation	at	Zug-Riedmatt,	which	might	have	covered	several	decennia	(Fig.	11),	but	see	chapter	4.3.4.		Densities	of	tetraploid	naked	wheat	chaff	remains	were	comparable	to	Arbon	Bleiche	3,	Zürich	 KanSan	 layer	 3	 and	 Zürich-Parkhaus	 Opéra	 layer	 13,	 while	 densities	 in	 the	somewhat	 younger	 layer	 14	 of	 Zürich-Parkhaus	 Opéra	were	much	 higher.	Within	 the	different	 stratigraphic	units	of	Zug-Riedmatt,	naked	wheat	 seemed	 to	gain	 importance	with	time	like	barley	(and	like	naked	wheat	at	Zürich-Parkhaus	Opéra,	Fig.	11).	Densities	 of	 emmer	 wheat	 chaff	 remains	 were	 comparable	 to	 all	 other	 sites	 except	Zürich-Parkhaus	Opéra	layer	13,	where	they	were	higher	(though	it	has	to	be	mentioned	that	the	average	density	in	unit	4	(an	organic	micrite	layer)	of	Zug-Riedmatt	was	>600	r/l).	No	very	big	differences	between	the	different	units	consisting	of	organic	sediments	could	be	found.	Emmer	wheat	was	the	cereal	with	the	highest	densities,	 leading	to	the	assumption	that	it	was	an	important	cereal	for	inhabitants	of	Zug-Riedmatt	throughout	the	whole	occupation	time.	This	is	especially	true	during	the	formation	of	stratigraphic	unit	 3	 (organic	 sediment),	 while	 other	 cereals	 possibly	 became	more	 important	 with	time	compared	to	emmer	wheat	(Fig.	11),	but	see	chapter	4.3.4.	Flax	seed	densities	at	Zug-Riedmatt	were	lower	than	in	most	other	sites	except	Zürich-Parkhaus	Opéra	layer	13	and	Horgen	Scheller	layer	3.	As	already	mentioned	in	chapter	3.1.2,	flax	seed	densities	were	highest	in	stratigraphic	unit	3	of	Zug-Riedmatt,	consisting	of	organic	sediment	(Fig.	11).	Densities	of	opium	poppy	seeds	in	the	stratigraphic	units	6	and	8	of	Zug-Riedmatt	were	comparable	to	densities	in	other	sites.	However,	in	unit	3,	the	density	was	much	higher,	5000	 r/l	more	 than	 in	 all	 other	 sites.	 Except	 for	 profile	 sequence	 68-67	 (Fig.	 7),	 this	pattern	could	always	be	found,	so	it	can	be	concluded	that	opium	poppy	was	certainly	a	very	important	cultivar	especially	during	the	deposition	of	unit	3	at	Zug-Riedmatt	(Fig.	11).	Pea	pod	fragments	were	not	recognized	until	recently	(first	description	in	Maier,	2001).	Only	whilst	analysing	samples	of	Zürich-Parkhaus	Opéra	(Antolıń	et	al.,	2017a)	and	Zug-Riedmatt,	 our	 lab	 started	 to	 record	 them	 systematically.	 They	 were	 therefore	 not	systematically	recorded	and	cannot	be	compared	to	other	sites.	Nevertheless,	it	is	clear	that	 in	 the	 Late	 Neolithic,	 pea	 was	 a	 much	 more	 important	 cultivar	 than	 previously	thought	based	on	the	usually	only	scarcely	present	charred	seeds.		The	exotic,	potentially	cultivated	or	 imported	spices	celery	(Apium	graveolens)	and	dill	(Anethum	graveolens)	were	found	in	other	lakeshore	settlements	as	well,	but	mostly	in	low	 numbers	 (Jacomet,	 1988;	 2006;	 2009).	 At	 Zug-Riedmatt,	 they	were	 probably	 not	
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4.3.4	Activities	connected	with	cultivars	in	the	settlement	of	Zug-Riedmatt	The	high	numbers	of	 remains	of	 cultivars	 (see	Tab.	 7)	 -	 except	 celery,	 dill	 and	maybe	einkorn	wheat	-	suggest	that	they	were	cultivated	in	the	area.	This	is	supported	by	the	fact	that	from	all	of	them,	other	plant	parts	besides	grains	or	seeds	were	present.	Since	only	a	small	part	of	the	settlement	was	excavated	and	the	sampling	was	quite	selective,	the	spatial	distribution	of	cultivars	cannot	be	determined	and	is	not	discussed	here.	As	the	investigations	in	Zürich-Parkhaus	Opéra	(Antolín	et	al.,	2017a)	show,	there	might	be	considerable	fluctuations	inside	a	settlement.	Cereals	were	at	least	partly	threshed	and	further	processed	at	the	site,	which	is	shown	by	the	numerous	chaff	remains	found	at	the	site,	especially	during	the	deposition	of	the	organic	 sediments	 of	 stratigraphic	 unit	 8,	 where	 all	 chaff	 remains	 of	 cereals	 reached	their	highest	densities	(Fig.	11).	As	already	mentioned,	emmer	wheat	chaff	was	already	numerous	in	the	lowermost	stratigraphic	unit	3	(consisting	of	organic	sediment),	while	naked	 wheat	 and	 barley	 chaff	 densities	 gradually	 increased	 in	 the	 course	 of	 the	settlement	 time,	 from	 unit	 3	 to	 unit	 8.	 This	 could	 have	 two	 reasons:	 either	 the	importance	 of	 the	 latter	 two	 taxa	 increased	 over	 time	 or	 the	 processing	 places	 of	 the	cereals	changed.	The	glume	wheat	emmer	is	usually	stored	in	spikelets	(see	e.g.	Alonso	
et	 al.,	 2014),	 its	 chaff	 would	 therefore	 end	 up	 in	 the	 daily	 waste	 deposits	 of	 the	settlement.	 Naked	 wheat	 and	 naked	 barley,	 in	 contrast,	 are	 free-threshing	 and	 are	therefore	not	stored	in	spikelets.	Their	chaff	would	more	likely	end	up	at	places	where	the	 threshing	 took	 place.	 Differences	 in	 the	 spatial	 distribution	 of	 the	 different	 chaff	types	 were	 found	 e.g.	 in	 Zürich-Parkhaus	 Opéra	 (Antolıń	 et	 al.,	 2017a).	 So	 there’s	 a	possibility	 that	 the	 threshing	of	 naked	wheat	 and	naked	barley	was	done	 closer	 to	 or	within	 the	 settlement	 during	 the	 deposition	 of	 stratigraphic	 units	 6	 and	 especially	 8	whereas	before,	it	might	have	been	done	nearby,	but	not	as	close.	Based	on	the	available	data,	 it	 is	therefore	rather	suggested	that	 it	was	not	the	 importance	of	the	cereals	that	changed,	but	rather	the	place	of	threshing	and	consecutive	cleaning	activities.	Cereal	 grains	 had	 a	 different	 distribution	 compared	 to	 chaff,	 and	 there	 was	 also	 a	difference	 in	 the	 distribution	 of	 charred	 and	 waterlogged	 grain	 remains.	 Cereal	 bran	(cereal	 grain	 fragments	 (rarely	 whole	 grains,	 but	 see	 Fig.	 A57)	 with	 waterlogged	preservation)	reached	highest	densities	in	the	organic	sediments	of	stratigraphic	unit	3,	while	charred	cereal	grains	(which	were	only	present	in	low	numbers	anyways,	see	Tab.	7)	reached	highest	densities	in	the	uppermost	unit	13,	consisting	of	mixed	sediment,	and	to	 a	 lesser	 degree	 in	 units	 7	 (an	 organic	 micrite	 layer)	 and	 8	 (consisting	 of	 organic	sediment).	 This	 could	 point	 to	 different	 taphonomic	 processes	 acting	 during	 the	deposition	 of	 the	 different	 units.	 Bran	 could	 represent	 residues	 of	 cereal	 grinding	 (at	Zürich-Parkhaus	Opéra,	high	densities	of	bran	and	mill	stones	were	 found	 in	the	same	house;	Bleicher	and	Harb,	2017,	p.	269)	or	it	could	also	originate	from	(human)	faeces	or	dung	(Robinson	und	Rasmussen,	1989;	Maier,	2004;	Herbig,	2009).	Charred	grains	most	likely	represent	cooking	accidents.	The	latter	are	a	quite	robust	type	of	remains	and	in	unit	 13,	 robust	 remains	 dominated	 in	 general.	 It	 is	 therefore	 a	 possibility	 that	 a	taphonomic	 filter	 caused	 the	 comparatively	 higher	 densities	 of	 charred	 grains	 in	samples	of	unit	13.	
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Flax	was	 represented	not	only	by	 seeds,	 single	 capsule	 fragments	and	 larger	pieces	of	capsules,	 but	 also	 by	 many	 fragments	 of	 their	 stems	 (though	 these	 were	 not	 fully	quantified,	 they	 were	 present	 in	 >80%	 of	 all	 samples).	 This	 indicates	 that	 the	 whole	plant	was	used	(seeds	 for	oil	or	as	 food,	stems	 for	 fibres),	 that	seeds	might	have	been	stored	 inside	 their	 capsules	 and	 that	several	steps	of	 flax	processing	(see	e.g.	Pals	 and	 van	 Dierendonck,	 1988)	 were	done	 directly	 inside	 of	 the	 settlement.	The	 deltaic	 area	 around	 the	 settlement	with	 pools	 and	 fully	 or	 partly	 cut-off	river	 channels	 might	 even	 have	 been	very	 convenient	 for	 the	 retting	 of	 flax	plants	 (von	 Reider,	 1840).	 This	 must	remain	an	assumption	for	Zug-Riedmatt	as	 flax	 stems	were	 not	 fully	 quantified.	However,	 smaller	 pieces	 of	 stems	 (as	they	would	appear	after	breaking	of	the	stem)	did	appear	regularely	and	in	some	samples	in	larger	quantities	(Fig.	12).	
	
Figure	12.	Layers	of	oriented	 flax	 (Linum	usita-
tissimum)	 stems	 in	 a	 sample	 of	 Zug-Riedmatt	(profile	93).	 (©Ö.	Akeret,	 Integrative	Prehistory	and	Archaeological	Science	(IPAS),	University	of	Basel).	Opium	 poppy	 was	 primarily	 represented	 by	 its	 seeds.	 However,	 fragments	 of	 the	capsules	 (more	precisely	 the	 lid)	were	 found	 in	9	 samples	 (of	different	units)	 as	well,	revealing	 that	 probably	 whole	 poppy	 capsules	 were	 harvested	 and	 brought	 into	 the	settlement	(as	is	known	from	ethnographic	sources;	Tétényi,	1997).	As	in	other	sites,	no	whole	capsules	were	found	(they	seem	to	be	very	fragile	and	obviously	do	not	preserve	well;	 only	 the	 lid	 is	 somewhat	more	 robust,	 see	 also	Antolín	 et	al.,	 2017a	 or	 Zibulski,	2010),	so	we	cannot	say	for	sure	whether	the	plant	was	used	for	medicinal	purposes	as	well	 (opiates	 are	 gained	 from	 the	 latex	 oozing	 from	 incisions	made	 to	 the	 green	 seed	capsules,	but	capsules	can	also	be	soaked	in	water	or	dried	and	ingested	for	a	narcotic	effect;	 Merlin,	 1984).	 But	 the	 seeds	 were	 very	 likely	 consumed	 or	 pressed	 for	 oil	extraction	 (or	 both).	 This	 is	 supported	 by	 the	 fact	 that	 in	 some	 samples,	 fragmented	parts	 or	 halves	 of	 the	 seeds	 were	more	 common	 than	whole	 ones	 (e.g.	 68.4).	 Opium	poppy	 seeds	 appeared	 in	 much	 higher	 densities	 in	 samples	 of	 stratigraphic	 unit	 3	(consisting	 of	 organic	 sediment)	 of	 Zug-Riedmatt	 than	 in	 any	 other	 (roughly)	contemporary	 lakeshore	 settlement,	 leading	 to	 the	 assumption	 that	 it	 was	 a	 very	important	crop	during	this	settlement	phase	-	even	though	it	has	to	be	kept	in	mind	that	only	 a	 small	 part	 of	 the	 settlement	 was	 excavated	 and	 that	 poppy	 diaspores	automatically	appear	in	much	higher	numbers	than	e.g.	the	ones	from	cereals	due	to	the	high	number	of	seeds	which	are	produced	in	one	capsule	(several	thousand).	As	 mentioned	 before,	 pea	 pod	 fragments	 were	 not	 representatively	 recorded	 in	 the	beginning	 of	 the	 analyses.	 However,	 it	 is	 clear	 that	 they	 appeared	 regularly	 and	sometimes	 also	 in	 high	 densities,	 showing	 the	 importance	 of	 this	 cultivar	 in	 Zug-Riedmatt,	 too	 (like	 also	 in	 Zürich-Parkhaus	 Opéra;	 Antolín	 et	 al.,	 2017a).	 They	 also	indicate	that	ripened	peas	were	extracted	from	the	pods	in	the	settlement.	The	fact	that	
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seeds	were	much	more	scarce	most	likely	has	taphonomic	reasons.	Pea	seeds	seem	to	be	very	fragile,	and	especially	if	peas	were	also	eaten	in	an	unripe	state	(green,	maybe	still	inside	pods),	chances	for	their	preservation	were	very	low.	In	that	sense,	the	results	of	Zug-Riedmatt	 corroborate	 those	 of	 Zürich-Parkhaus	 Opéra	 and	 show	 that	 the	importance	of	pea	cannot	be	judged	on	the	basis	of	charred	seeds.		
4.3.5	Aspects	of	land	use	based	on	the	spectra	of	weeds	and	ruderals	
4.3.5.1	Annual	weeds	and	ruderals	The	reconstruction	of	past	weed	communities	is	difficult,	as	they	could	have	consisted	of	very	 different	 plant	 combinations	 compared	 to	 what	 we	 find	 today.	 Agricultural	techniques	 were	 very	 different	 in	 the	 Neolithic,	 the	 agriculturally	 used	 landscape	probably	 looked	 very	 different	 and	 finally	 many	 of	 the	 weedy	 taxa	 have	 a	 broad	ecological	 amplitude	 (see	 synopses	 in	 Hosch	 and	 Jacomet,	 2004	 and	 Jacomet	 et	 al.,	2016).	Therefore,	it	cannot	be	excluded	that	some	taxa,	which	were	assigned	to	another	ecological	group	here,	could	have	grown	as	weeds	in	the	past	as	well.	Open	landscapes	were	probably	much	less	common	and	woodland	must	have	been	much	more	extensive	and	strongly	interconnected	with	the	(probably	rather	small)	fields.	Weed	diaspores	in	cultivar	storages	could	shed	light	on	these	past	weed	communities,	but	at	Zug-Riedmatt,	no	 such	 storage	 samples	were	 found.	We	 therefore	have	 to	 rely	on	 results	 from	other	sites	(e.g.	Brombacher	and	Jacomet,	1997;	Maier,	2001;	Favre,	2002;	Hosch	and	Jacomet,	2004;	 Antolín	 et	 al.,	 2017a;	 see	 also	 the	 recent	 compilation	 of	 Jacomet	 et	 al.,	 2016).	These	show	that	also	in	Neolithic	times	annual	plants	were	strongly	linked	to	cultivars.	In	Zug-Riedmatt,	nine	taxa	of	annual	winter	crop	and	flax	weeds	were	found.	They	were	not	 very	 common.	 Only	 in	 stratigraphic	 units	 5	 (loamy	 sediment)	 and	 8	 (organic	sediment),	four	taxa	were	found	at	the	same	time.	The	taxa	spectrum	was	comparable	to	other	contemporary	sites,	though	somewhat	less	rich.	What	was	special	at	Zug-Riedmatt	were	 finds	 of	 Cretan	 catchfly	 (Silene	 cretica).	 This	 weed	 was	 commonly	 found	 in	Neolithic	 lakeshore	 settlements	 (e.g.	 Brombacher	 and	 Jacomet,	 1997)	 and	 it	 was	 a	typical	flax	weed	(Brombacher,	1993).	At	Zug-Riedmatt	however,	 it	mainly	occurred	in	high	densities	 in	 the	 loamy	sediments	of	unit	5	of	profiles	88	and	98,	 inside	a	rubbish	heap	 (the	 so	 called	 ‘bone	midden’).	 It	 is	 therefore	 almost	 certain	 that	 this	 plant	 was	deposited	 with	 cleaning	 residues	 of	 flax	 in	 this	 midden	 (though	 flax	 remains	 do	 not	reach	 unusually	 high	 densities	 in	 unit	 5	 in	 total,	 they	 actually	 do	 appear	 in	 higher	concentrations	 in	 samples	 which	 also	 contain	 high	 concentrations	 of	 Cretan	 catchfly,	namely	samples	88.7,	98.11	and	12,	see	appendix	7.9).	This	shows	that	the	presence	of	plants	 may	 strongly	 depend	 on	 the	 type	 of	 structure	 the	 samples	 come	 from.	 In	stratigraphic	 unit	 4,	 an	 organic	 micrite	 layer,	 Cretan	 catchfly	 was	 also	 present	 in	 all	profile	columns,	but	 in	much	 lower	densities.	On	the	one	hand,	 the	presence	of	Cretan	catchfly	seeds	proves	a	strong	link	between	all	samples	of	this	unit.	On	the	other	hand,	it’s	 possible	 that	 its	 seeds	 somehow	 spread	 from	 the	midden	 into	 the	 organic	micrite	layer.	 In	other	stratigraphic	units,	narrow-fruited	cornsalad	 (Valerianella	dentata)	was	the	most	 commonly	 occuring	winter	 crop	 annual	weed,	 but	 it	 never	 occurred	 in	 high	
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densities.	 We	 can	 therefore	 assume	 that	 the	 cultivation	 of	 winter	 crops	 was	 not	significant	or	not	practiced	at	all	at	Zug-Riedmatt.	The	 16	 taxa	 of	 summer	 crop	 annual	 weeds	 and	 annual	 ruderals	 were	 common	 in	 all	stratigraphic	 units	 except	 the	 loamy	 sediments	 of	 unit	 5.	 However,	 only	 from	 unit	 6	upwards,	 they	 occurred	 in	 higher	 densities.	 This	 can	 be	 explained	 in	 different	 ways:	Firstly,	 it	 could	 be	 linked	 to	 the	 increasing	 presence	 of	 cereals	 or	 to	 the	 increased	deposition	of	their	chaff	in	the	settlement	(Fig.	11).	Secondly,	it	may	have	something	to	do	with	a	different	position	of	the	excavated	part	of	the	settlement	within	the	shore	zone	(eulittoral	 instead	 of	 sublittoral	 zone,	 see	 research	 paper	 3.4),	 because	 plants	 of	 this	group	could	grow	locally	at	the	site,	too.	It	is	possible	that	both	reasons	together	caused	the	result.	The	most	numerously	appearing	 taxa,	 common	vervain	 (Verbena	officinalis)	and	 thyme-leaved	 sandwort	 (Arenaria	 serpyllifolia),	 both	 have	 slightly	 different	ecological	demands,	indicating	that	different	types	of	soils	were	used	for	farming.	While	it	is	impossible	to	say	which	weed	species	grew	next	to	which	cultivar,	the	annual	weed	spectrum	 nonetheless	 shows	 the	 presence	 of	 continually	 disturbed	 sites	 during	 the	settlement	activities	at	Zug-Riedmatt.	Such	sites	are	necessary	in	order	for	annual	plants	to	develop	a	weed	 flora,	which	points	 to	permanent	cultivation	rather	 than	slash-and-burn	(for	further	discussion	of	this	topic	see	the	review	by	Jacomet	et	al.,	2016).		
4.3.5.3	Perennial	ruderals	Only	 11	 taxa	 of	 perennial	 ruderals	 were	 found	 at	 Zug-Riedmatt.	 Some	 of	 them	 could	have	grown	on	cultivated	plots	like	annual	weeds	(which	is	proven	by	weed	spectra	of	cultivar	stocks,	see	e.g.	Brombacher	and	Jacomet,	1997),	they	could	have	been	brought	into	the	settlement	through	animals	(through	dung	or,	 in	the	case	of	burdock	(Arctium	
sp.)	 and	 common	 cleavers	 (Galium	 cf.	 aparine)	 with	 their	 barbed	 diaspores	 through	transport	 in	fur	of	domestic	animals)	and	finally	some	of	them	could	even	have	grown	directly	 at	 the	 site	 during	periods	when	 the	 excavated	part	 of	 settlement	was	 located	landwards	 of	 the	 reed	 belt	 (see	 research	 paper	 3.4	 and	 former	 chapters).	 The	 last	possibility	 is	 supported	 by	 the	 fact	 that	 this	 ecological	 group	 occurred	 in	 highest	densities	in	the	stratigraphic	unit	8	(consisting	of	organic	sediments).	Particularly	high	densities	could	be	found	there	in	the	profile	sequences	68-67	and	74-73	(Figs.	6,	7).	In	contrast,	in	the	organic	sediments	of	stratigraphic	unit	3,	which	was	most	likely	located	lakewards	 of	 a	 reed	 belt	 (see	 research	 paper	 3.4),	 densities	were	 very	 low.	 The	most	commonly	appearing	taxa,	burdock	(Arctium	sp.),	could	even	have	been	brought	to	the	settlement	on	purpose,	as	it	could	have	been	used	for	the	production	of	oil	(Brombacher	and	Jacomet,	1997).		
4.3.6	The	gathered	plant	 (fruit,	berry,	nut,	acorn)	spectra	of	Zug-Riedmatt	 in	comparison	
with	other	contemporaneous	settlements	As	 described	 in	 chapter	 3.1.3,	 some	 differences	 in	 the	 abundance	 of	 gathered	 plants	between	the	stratigraphic	units	3,	6	and	8	(all	consisting	of	organic	sediment)	existed,	especially	 regarding	 densities.	 The	 results	 of	 a	 few	 very	 common	 taxa	will	 shortly	 be	
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compared	to	other	roughly	contemporary	settlements	according	to	Antolıń	et	al.	(2017a;	Tab.	10).		










































Malus/Pyrus	pericarp	 98.7	 100.4	 95.3	 34.1	 46.7	 52.7	 95.3	 162.0	 16.7	 138.0	
Quercus	sp.	pericarp	 7.3	 2.9	 6.0	 42.0	 38.0	 10.0	 1.3	 35.3	 14.0	 0.7	
Brassica	rapa	seeds	 64.0	 4.5	 3.9	 3.6	 4.7	 1.3	 0.7	 1.3	 4.7	 4.7	
Fagus	sylvatica	pericarp	 4.7	 0.4	 12.5	 1.2	 0.7	 1.3	 0.3	 10.0	 1.3	 22.0	
Prunus	spinosa	fruit	 1.3	 0.0	 0.7	 0.5	 2.7	 3.3	 6.0	 1.3	 2.0	 0.7	
Rosa	sp.	fruit	 3.3	 2.7	 3.9	 4.3	 6.0	 3.3	 0.7	 44.0	 3.3	 0.7	
Corylus	avellana	fruit	 137.3	 8.0	 11.4	 14.2	 14.0	 17.3	 7.3	 32.7	 18.7	 7.3	
Fragaria	vesca	fruit	 1250.0	 293.7	 382.2	 167.9	 286.0	 234.0	 125.3	 215.3	 52.7	 534.0	
Physalis	alkekengi	seed	 17.3	 1.3	 2.9	 5.6	 8.7	 16.0	 0.7	 4.7	 2.0	 3.3	
Rubus	fruticosus	fruit	 198.0	 8.5	 34.7	 9.5	 84.0	 88.0	 38.0	 22.0	 45.3	 6.0	
Rubus	idaeus	fruit	 542.7	 242.8	 402.9	 240.3	 176.0	 30.0	 23.3	 615.3	 138.0	 142.0	
	ubiquity	 		 		 		 		 		 		 		 		 		 		
Malus/Pyrus	pericarp	 100	 100	 94	 98	 96	 98	 96	 100	 100	 100	
Quercus	sp.	pericarp	 88	 27	 59	 60	 64	 87	 51	 95	 100	 19	
Brassica	rapa	seeds	 91	 67	 50	 38	 86	 25	 18	 59	 91	 35	
Fagus	sylvatica	pericarp	 82	 13	 35	 27	 23	 46	 53	 78	 67	 100	
Prunus	spinosa	fruit	 76	 0	 15	 11	 68	 82	 94	 54	 48	 42	
Rosa	sp.	fruit	 73	 53	 44	 47	 82	 89	 59	 83	 86	 64	
Corylus	avellana	fruit	 100	 60	 74	 69	 86	 100	 98	 93	 100	 92	
Fragaria	vesca	fruit	 100	 100	 97	 89	 96	 98	 85	 100	 100	 100	
Physalis	alkekengi	seed	 85	 27	 53	 42	 86	 69	 24	 76	 76	 46	
Rubus	fruticosus	fruit	 100	 60	 76	 60	 96	 77	 64	 98	 100	 58	
Rubus	idaeus	fruit	 100	 100	 94	 93	 96	 57	 18	 100	 100	 96	
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and	 the	 ubiquity	 also	 reached	 its	 maximum	 in	 this	 unit.	Wild	 strawberries	 (Fragaria	
vesca)	 and	 raspberries	 (Rubus	 idaeus)	 also	 reached	 comparatively	 high	 densities	 in	stratigraphic	unit	6	 compared	 to	other	units	of	Zug-Riedmatt	and	settlement	 layers	of	other	sites.	The	density	of	acorns	(Quercus	sp.)	in	stratigraphic	unit	8	was	comparatively	very	 high,	 with	 only	 the	 density	 in	 Zürich	 KanSan	 layer	 3	 being	 higher.	 Ubiquities	between	units	6	and	8	were	not	that	different	though.	It	 can	 be	 concluded	 that	 at	 Zug-Riedmatt,	most	wild	 plants	which	 can	 be	 regarded	 as	gathered	plants	appeared	in	similar	amounts	as	at	roughly	contemporary	sites	and	that	most	 of	 them	 were	 probably	 gathered	 in	 large	 amounts.	 However,	 it	 should	 also	 be	mentioned	 that	 even	 though	most	 gathered	 fruits,	 berries,	 nuts	 and	 acorns	 from	Zug-Riedmatt	 reached	 their	 highest	 densities	 in	 the	 stratigraphic	 units	 3,	 6	 and	 8	 (all	consisting	 of	 organic	 sediment),	 there	were	 some	 exceptions:	 fruits	 and	 seeds	 of	 sloe	(Prunus	spinosa),	 Chinese	 lantern	 (Physalis	alkekengi)	 and	 rose	 (Rosa	sp.)	 appeared	 in	higher	 densities	 in	 stratigraphic	 unit	 10,	 consisting	 of	 organic	micrite	 in	 between	 the	loamy	sediments	of	stratigraphic	units	9	and	11	.	This	could	be	explained	either	by	these	taxa	 entering	 the	 sediment	 more	 often	 due	 to	 natural	 causes	 or	 by	 taphonomic	processes	 acting	 differently	 in	 the	 various	 units	 (all	 three	 taxa	 produce	 very	 robust	lignified	diaspores).		
4.3.7	 Activities	 connected	 with	 gathered	 plants	 (fruits,	 berries,	 nuts,	 acorns)	 in	 Zug-
Riedmatt	Since	only	a	small	part	of	the	settlement	was	excavated	and	since	only	relatively	small	profile	 samples	were	 analysed,	 it	 is	 unclear	 how	 representative	 the	 results	 regarding	gathered	 fruits,	 berries,	 nuts	 and	 acorns	 at	 Zug-Riedmatt	 are.	 Remains	 of	 this	 type	 of	plants	 often	 appear	 in	 concentrations	 at	 certain	 locations	 in	 a	 settlement	 (see	 e.g.	Antolıń	et	al.,	2017a).	If	such	concentrations	are	not	recorded	by	samples,	it	is	therefore	not	possible	to	reconstruct	directly	the	use	of	a	plant.	Whether	such	concentrations	are	captured	by	a	profile	 column	 is	 always	a	 coincidence.	Differences	 in	average	densities	between	different	stratigraphic	units	could	either	reflect	general	changes	 in	 the	use	of	different	 species,	or	 they	could	simply	show	changes	 in	 single	households.	They	could	even	have	been	produced	by	chance.	Nonetheless,	it	is	interesting	to	see	the	sometimes	very	 large	 differences	 between	 the	 stratigraphic	 units	 consisiting	 of	 organic	 sediment	(especially	 between	 units	 6	 and	 8).	 Except	 for	 barley,	 cultivar	 densities	 were	 rather	similar	in	these	two	units	(see	chapter	4.4.3),	but	for	gathered	plants,	differences	were	comparatively	more	pronounced.	Some	massive	concentrations	could	point	to	a	local	processing,	consumption,	the	feeding	of	animals	or	even	remains	of	faeces/dung.	We	have	found	the	following	(the	position	of	the	profiles	can	be	seen	in	Fig.	3):	- apple/pear	pericarp	in	samples	98.5	(unit	5,	consisting	of	loamy	sediment,	from	the	so-called	 ‘bone	midden’)	and	74.10	(unit	6,	consisting	of	organic	sediment):	both	480	r/l,		- wild	 strawberries	 and	 raspberries	 in	 sample	73.6	 (unit	 6,	 consisting	of	 organic	sediment):	1858	resp.	4783r/l	
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- acorns	in	sample	67.8	(unit	8,	consisting	of	organic	sediment):	1240r/l	- beech	nuts	in	sample	88.11	(unit	6,	consisting	of	organic	sediment):	325	r/l	Which	use	each	taxon	had	cannot	be	decided	in	each	case.	But	charred	or	semi-charred	remains	of	 some	of	 the	plants	 in	 this	group	 that	cannot	directly	be	consumed	without	processing	suggest	 that	 they	were	used	as	 food.	Charred	cotyledons	of	acorns	(sample	98.4)	are	a	good	example,	as	acorns	contain	bitter	 tannins	and	had	to	be	processed	 in	some	way	in	order	to	get	rid	of	them	(Mason,	2000).	As	already	assumed	before	(e.g.	Antolıń	et	al.,	2016),	high	densities	of	wild	fruits	could	point	 to	 their	economic	 importance	and	 the	deliberate	 tending	 to	wild	growing	plants	bearing	 these	 edible	 fruits,	 berries,	 nuts	 and	 acorns	 in	 the	 area	 surrounding	 the	settlement.	Such	insights,	however,	are	only	possible	if	a	large	surface	of	a	settlement	is	excavated,	 if	 the	 places	where	 the	 houses	were	 built	 are	 known	 and	 if	 a	whole,	 large	surface	is	systematically	sampled.	As	we	do	not	have	such	a	situation	for	Zug-Riedmatt	(compared	 e.g.	 to	 Zürich-Parkhaus	 Opéra,	 Antolín	 et	 al.,	 2017a),	 conclusions	 on	 this	topic	remain	speculative.	There	are	also	some	rarely	appearing	edible	plants	which	most	probably	did	not	grow	in	the	 immediate	 surroundings	 of	 the	 settlement.	 These	 are	 plants	 like	 European	blueberries	 (Vaccinium	myrtillus)	with	 its	 specific	demands	concerning	soils	 (nutrient-poor,	 humus-rich,	 acid),	 which	 might	 point	 to	 the	 intentional	 exploration	 and	exploitation	of	such	sites	by	the	inhabitants	of	Zug-Riedmatt.	Many	more	 wild	 plants	 found	 at	 Zug-Riedmatt	 could	 have	 been	 gathered	 for	 various	purposes,	 e.g.	 wild	 carrot	 (Daucus	carota)	 as	 root	 vegetable,	 goosefoot	 (Chenopodium	
sp.)	as	leaf	vegetable,	oregano	(Origanum	vulgare)	as	spice,	burdock	(Arctium	sp.)	as	oil	supply,	 perforate	 St.	 John's	wort	 (Hypericum	perforatum)	 as	medicinal	 plant,	 common	reed	(Phragmites	australis)	as	building	material,	meadowsweet	(Filipendula	ulmaria)	for	flavouring,	 to	name	only	a	 few.	But	 the	 importance	of	plants	mainly	gathered	for	 their	vegetative	 parts	 cannot	 be	 easily	 derived	 from	 the	 ‘usual’	 macrobotanical	 findings	(mainly	 disapores)	 only,	 as	 any	 plant	 which	 was	 not	 primarily	 gathered	 for	 its	seeds/fruits	 is	 ‘underrepresented’	 in	 the	 botanical	 macroremain	 record(	 in	 the	 sense	that	 other	 than	 seeds	 and	 fruits,	 remains	 are	 often	 not	 identified),	 and	 its	 true	occurrence	and	therefore	also	its	use	has	to	remain	the	subject	of	speculation,	especially	if	palynological	data	is	not	available	(see	also	Vandorpe	and	Wick,	2014).	One	example	for	 Zug-Riedmatt	 is	wild	 garlic	 (Allium	ursinum),	which	was	 probably	 gathered	 for	 its	leaves,	 and	 is	 therefore	 only	 visible	 in	 the	 palynological	 record	 (personal	 comm.	 A.	Heitz-Weniger)	 as	 long	 as	 leaves	 are	 not	 identified.	 However,	 we	 know	 from	ethnographic	 sources	 (e.g.	Moerman,	 1998)	 that	 the	 knowledge	 about	 the	 use	 of	wild	plants	was	probably	very	wide-spread.		
4.3.8	The	environment	and	its	use	
4.3.8.1	Woodland	Woodland	 plants	 were	 the	 most	 diverse	 ecological	 group	 at	 Zug-Riedmatt	 (19	 taxa),	even	 without	 considering	 the	 many	 gathered	 fruits,	 berries,	 nuts	 and	 acorns	 also	
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growing	 in	 this	habitat.	 It	was	also	one	of	 the	 few	ecological	groups	which	were	well-represented	 in	 almost	 all	 stratigraphic	 units	 and	where	 no	 differences	 between	 the	 3	units	consisting	of	strongly	organic	sediment	(3,	6	and	8)	could	be	found.	The	woodland	was	certainly	a	very	important	element	of	the	landscape	during	the	Horgen	time	period	(Fig.	 12),	 and	 must	 have	 provided	 numerous	 vital	 resources	 like	 food,	 material	 for	construction	work,	for	the	building	of	weapons,	tools	and	other	things,	for	animal	fodder	etc.	 Its	use	was	most	 likely	one	of	 the	main	 reasons	 for	 its	presence	 in	 the	settlement	layers,	 with	 maybe	 a	 few	 exceptions	 of	 light,	 winged	 fruits	 like	 the	 ones	 from	 birch	(Betula	pendula/pubescens).	Like	in	many	other	settlements	of	the	4th	millennium	BC,	the	plant	with	highest	densities	in	this	group	was	clearly	European	silver	 fir	(Abies	alba).	 It	was	represented	primarily	by	needles,	which	could	have	been	used	e.g.	 as	animal	 fodder	 (e.g.	Akeret	et	al.,	 1999;	Akeret	and	Rentzel,	2001;	Kühn	and	Wick,	2010).	The	same	use	is	possible	for	Norway	spruce	 (Picea	 abies),	 the	 many	 unidentified	 leaves	 of	 deciduous	 trees	 and	 European	mistletoe	 (Viscum	 album).	 European	 yew	 (Taxus	 baccata)	 was	 also	 represented	 by	needles	(and	seeds),	but	since	almost	all	parts	of	the	plant	are	poisonous	(Wilson	et	al.,	2001),	 it	 is	 likely	 that	 only	 its	 wood	 was	 used.	 It	 might	 have	 been	 a	 very	 important	resource	for	weapons	and	other	devices	(e.g.	Favre	and	Jacomet,	1998;	Harb,	2016).	The	moss	 Neckera	 crispa	 could	 have	 been	 used	 for	 various	 purposes	 like	 e.g.	 sealing,	wrapping,	 cleaning	 etc.	 (Dickson,	 2000	 and	 references	 therein).	 These	 and	 other,	 less	regularly	 occurring	 plants	 represent	 mostly	 closed,	 shadowy	 woodland.	 Other	 plants	like	birch	represent	more	light	–	probably	secondary	-	woodland.	There	are	some	plants	like	 common	 holly	 (Ilex	 aquifolium)	 which	 point	 to	 a	 more	 open	 woodland	 due	 to	interference	 by	 humans	 and	 their	 domestic	 animals.	 The	 trees	 used	 for	 construction	work	 showed	 that	 intensive	 pollarding	was	 done	 (personal	 comm.	 E.	 Gross,	 based	 on	unpublished	 data	 of	 N.	 Bleicher).	 Riparian	 woodland	 and	 carrs,	 which	 were	 already	discussed	 in	 research	 paper	 3.4,	 were	 certainly	 also	 an	 important	 element	 in	 the	provision	of	 the	settlement	with	various	resources	 from	the	nearer	surroundings	 (Fig.	12).		
4.3.8.2	Woodland	clearing	edges,	hedges	and	bushes	Through	the	opening	of	the	woodland	for	various	reasons,	e.g.	its	intensive	exploitation,	different	plants	were	promoted.	This	group	was	especially	well	represented	by	gathered	fruits,	berries	and	nuts	like	raspberry	(Rubus	idaeus),	hazel	(Corylus	avallana)	and	wild	strawberry	 (Fragaria	 vesca).	 Additionally,	 16	 taxa	 of	 not	 obviously	 gathered	 plants,	preferably	 growing	 on	 such	 bushy,	 rather	 open	 spaces,	 have	 been	 found	 at	 Zug-Riedmatt.	 They	 concentrated	 mostly	 in	 the	 upper	 part	 of	 the	 occupation	 layer,	 in	stratigraphic	units	6,	8,	and	10.	This	increase	might	have	been	caused	by	an	intentional,	gradual	opening	of	the	woodland	during	the	settlement	period	of	the	site	(which	might	have	 lasted	 several	 decennia).	 As	 a	 result,	 such	 semi-open	habitats	 could	have	 gained	more	space	,	and	their	deliberate	tending	might	have	been	a	factor	for	its	more	and	more	intense	use	(Fig.	12).	Another	factor	for	the	spreading	of	such	habitats	might	have	been	the	 animals	 grazing	 in	 those	 areas,	 keeping	 this	 type	 of	 landscape	 more	 open	 and	
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transporting	the	remains	of	the	plants	growing	in	such	environments	into	the	settlement	with	their	dung.		






al.,	 2017a;	 Antolín	 et	al.,	 2017c;	 Steiner	 et	al.,	 2017b),	 in	 the	 appendix	 (Antolín	 et	al.,	2015;	Antolín	et	al.,	2017b)	and	 in	chapter	3.	 In	 the	 following,	 the	main	results	of	 this	Ph.D.	 thesis	 (see	 research	 papers),	 including	 other	 SNF-project	 results	 which	 were	produced	with	my	contributions	(see	appendices	and	cited	literature)	are	summarized,	examined	in	a	wider	context,	and	ideas	for	future	research	are	developed.		
5.1	Main	results	of	the	methodological	research	Several	 methodological	 procedures	 used	 to	 process	 material	 for	 macrobotanical	analyses	of	waterlogged	material	were	examined	in	the	framework	of	the	project,	mainly	on	samples	of	the	Zürich-Parkhaus	Opéra	site	(see	Antolín	et	al.,	2017a;	chapters	5.1.1	–	5.1.4).	 A	 clear	 result	 from	 all	 these	 studies	 was	 that	 the	 methodologies	 used	 can	influence	 the	 results	 of	 archaeobotanical	 analyses	 to	 a	 very	 large	 extent.	 It	 should	therefore	 always	 be	 documented	 clearly	 and	 in	 a	 detailed	 way	 which	 methods	 were	used.	In	 the	 following,	 the	 methodological	 results	 are	 summarized	 in	 the	 order	 of	 their	publication	and	future	perspectives	concerning	methodological	research	are	discussed.		
5.1.1	Sieving	In	 a	 comparison	 of	 different	 operators	 using	 the	 same	 sieving	method	 (wash-over,	 in	German:	‘Halbflotation’;	Kenward	et	al.,	1980;	Hosch	and	Zibulski,	2003)	to	process	the	same	 material	 (subsamples	 of	 the	 same	 samples),	 systematic	 and	 unsystematic	differences	 were	 detected	 despite	 identical	 instructions	 (research	 paper	 3.1).	Unsystematic	 differences	 might	 have	 been	 the	 result	 of	 difficulties	 when	 producing	equal	 subsamples	 from	 lumpy	waterlogged	 sediment.	 Systematic	 differences	 however	were	caused	by	differences	in	the	techniques	of	the	sievers,	and	these	differences	were	more	pronounced	 for	 large	volume	samples	(>3l;	within	the	research	project	called	A-samples;	 sieved	with	8mm	and	2mm	mesh	 sizes):	 one	 siever	 loosened	 all	 concretions	completely	(but	carefully),	resulting	in	a	lower	density	of	small-seeded	remains	and	in	a	lower	 number	 of	 taxa	 in	 the	 2mm-fraction,	 but	 clear,	 easy-to-sort	 samples.	 The	 other	sievers	did	not	always	loosen	concretions	completely,	resulting	in	the	inversed	result	of	a	 higher	 density	 of	 small-seeded	 remains	 and	 a	 higher	 number	 of	 taxa	 in	 the	 2mm-fraction,	but	sometimes	more	difficulties	to	sort	samples	due	to	their	turbidity.	For	the	small	subsamples	(0.3l;	within	the	research	project	called	B-samples;	sieved	with	>2mm	and	0.35mm	mesh	sizes),	these	differences	were	not	relevant	anymore,	as	most	remains	were	detained	in	the	smallest	mesh.	Several	 important	 conclusions	 could	 be	 drawn	 from	 these	 results.	 Firstly,	 with	 very	detailed	 instructions	and	constant	 feedback,	wash-over	 sieving	 is	a	 reliable	method	 to	extract	 botanical	 macroremains	 from	 waterlogged	 archaeological	 samples	 even	 if	different	 sievers	 work	 on	 the	 same	 site	 (which	 is	 indispensable	 when	 investigating	large-scale	excavations).	However,	there	should	be	clear	guidelines	as	to	which	remains	
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should	be	quantified	 in	the	 large	(2mm-)	 fraction.	For	Neolithic	 lakeshore	settlements,	we	 defined	 a	 list	 which	 can	 be	 found	 in	 research	 paper	 3.1,	 table	 8.	 In	 addition,	 a	considerable	margin	of	error	should	be	taken	into	account	when	evaluating	densities	of	plant	remains	in	such	samples.		
5.1.2	Volume	measurement	In	 a	 comparison	of	different	 volume	measurement	 techniques,	 a	 systematic	difference	between	 the	 ‘classical’	 and	 the	 displacement	 volume	measurements	was	 found	which	could	be	described	by	a	proportionality	factor	of	1.5	(Antolín	et	al.,	2015,	appendix	7.2).	This	 factor	 gives	 a	 rough	 guiding	 value	 for	 the	 differences	 between	 the	 two	measurement	 methods.	 It	 can	 be	 used	 if	 the	 sample	 volumes	 of	 different	 sites	 were	measured	in	different	ways,	but	need	to	be	compared.	There	was	also	an	unsystematic	measurement	 error,	 which,	 however,	 could	 be	 neglected.	 The	 displacement	 volume	measurement	 is	 regarded	 as	 the	 most	 objective	 measurement	 of	 the	 volume	 of	waterlogged	sediments.		
5.1.3	Representativeness	based	on	sample	volume	In	 order	 to	 have	 a	 representative	 recording	 of	 large-sized	 botanical	 remains,	 large-volume	 samples	 are	 essential	 (Antolín	 et	al.,	 2017b,	 appendix	 7.3).	 This	 is	 especially	important	 if	 the	 economy	of	 a	 site	 is	 to	 be	 evaluated,	 as	many	 cultivars	 and	 gathered	plants	have	 large-sized	remains.	The	representative	recording	of	charred	cereal	grains	for	example	is	especially	important	in	regard	to	comparisons	with	dryland	sites,	where	only	 charred	 remains	 are	 preserved.	 Samples	 of	 around	 3l	 (displacement	 volume	measurement)	 of	 sediment	 are	 recommended	 for	well-preserved	Neolithic	 settlement	layers	 in	 order	 to	 have	 large-sized	 remains	 representatively	 recorded,	 which	corroborates	earlier	results	(e.g.	Hosch	and	Jacomet,	2001).	Average	density	values	from	small-volume	samples	might	be	comparable	to	those	from	large-volume	 samples	 (even	 for	 large-sized	 remains),	 while	 ubiquity	 values	 of	 large-sized	remains	will	most	likely	be	underestimated	if	derived	from	small-volume	samples.	In	 the	 latter	 case,	 ubiquity	 values	 above	 30%	 and	 especially	 above	 50%	 need	 to	 be	considered	as	very	high.	Site	plan	distributions	of	 large-sized	remains	based	on	small-volume	samples	are	not	representative	either.	We	could	give	recommendations	about	which	remains	of	a	taxon	should	be	counted	in	which	fraction.	In	any	case,	we	could	show	that	counting	units	need	to	be	clearly	defined	for	 each	 fraction	 in	 order	 to	 avoid	 counting	 (fragments	 of)	 remains	 twice	 or	 several	times.		
5.1.4	Subsampling	of	the	sediment	prior	to	sieving	When	 evaluating	 the	 subsampling	 process	 of	 unprocessed	 waterlogged	 sediment,	 we	found	 that	 the	 subsampling	 of	 lumpy,	 waterlogged	 material	 should	 only	 be	 done	 if	indispensable,	as	it	can	introduce	a	bias	(research	paper	3.2).	However,	subsampling	is	usually	needed	for	these	kinds	of	sediment,	as	they	are	often	very	rich	in	well-preserved	
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plant	 remains.	 In	 that	case	 it	 is	better	 to	properly	sieve	 the	samples	 (using	wash-over	sieving)	without	prior	subsampling	in	order	to	eliminate	the	lumps	of	the	sediment	and	take	subsamples	from	the	fractions	after	sieving.	In	that	case,	subsampling	can	be	done	in	 the	 same	way	 as	 for	 non-lumpy	material	 (using	 random	 subsampling,	 e.g.	 van	 der	Veen	and	Fieller,	1982;	Thompson,	1987).	 If	 subsampling	 is	done	prior	 to	 sieving,	 the	sample	 sizes	 would	 have	 to	 be	 adapted	 to	 the	 fact	 that	 no	 random	 subsampling	 is	possible	due	to	lumps	in	the	sediment	(research	paper	3.2).	In	that	case,	a	factor	of	1.32	for	 the	 large	 (>2mm)	 fraction	 and	 of	 1.96	 for	 the	 small	 (0.35mm)	 fraction	 would	 be	needed	 in	 order	 to	 have	 the	 proportions	 of	 the	 most	 important	 taxa	 appropriately	represented	on	average	(based	on	numbers	recommended	by	van	der	Veen	and	Fieller,	1982).	This	would	result	in	a	sample	size	of	500	items	to	count	for	the	large	fraction	and	750	 for	 the	 small	 fraction.	 With	 respect	 to	 rare	 species	 or	 in	 order	 to	 evaluate	 the	diversity	in	the	small	fraction,	even	larger	sample	sizes	would	be	needed.	Higher	sample	sizes	 result	 in	 a	 higher	 amount	 of	 time	 for	 analysis.	 Therefore,	 sieving	 prior	 to	subsampling	 is	 most	 likely	 always	 the	 most	 economical	 option	 for	 the	 processing	 of	waterlogged	sediments.	In	a	 comparison	of	different	 subsampling	methods	 (random	square	and	stratified	grid	subsampling),	no	clear	differences	in	respect	to	bias	and	variation	between	the	methods	could	be	found.	However,	the	scope	of	the	test	was	rather	small	(only	two	samples	were	compared,	 for	 statistically	 robust	 results,	 at	 least	 six	 more	 samples	 –	 equalling	 >750	hours	of	work	–	would	have	been	needed),	so	this	topic	should	be	further	examined.		
5.1.5	Transdisciplinary	sampling	at	Zug-Riedmatt	The	 careful,	 very	 detailed	 transdisciplinary	 sampling	 of	 the	 profile	 columns	 by	 all	 the	researchers	 involved	 (micromorphologist,	 palynologist,	 macroremain	 archaeobotanist	incl.	the	feature	archaeologist)	was	very	helpful	in	order	to	understand	better	the	layer	formation	at	the	site.	Such	an	approach	is	necessary	if	the	succession	of	the	stratigraphic	units	is	not	completely	understood	from	the	beginning,	as	already	found	some	decennia	ago	 (e.g.	 Jacomet,	 1985).	 In	 this	 way,	 the	 layers	 can	 later	 be	 assigned	 to	 different	stratigraphic	units	(or	 later:	occupation	phases)	as	soon	as	 those	are	defined.	 In	many	excavations,	 no	 evaluation	 of	 archaeological	 features	 was/is	 done,	 mostly	 due	 to	economical	 restrictions	 (as	 in	 the	 case	 of	 Zug	Riedmatt),	 or	 it	 is	 done	many	 decennia	later	(see	e.g.	the	example	of	Zürich	Mozartstrasse,	Ebersbach	et	al.,	2015).	If	a	detailed	sampling	approach	is	applied,	we	may	assign	the	fine	layers	to	relevant	units	even	then.	This	assignation	can	also	be	done	a	priori	based	on	a	detailed	examination	of	the	profile	sequences’	stratigraphies	as	in	the	case	of	Zug-Riedmatt	(see	chapter	2.1.3	and	Fig.	4).	However,	a	detailed	separation	of	samples	is	not	always	necessary,	as	microlayers	could	not	often	be	parallelised	in	different	profile	sequences	due	to	the	patchy	composition	of	some	of	 the	 layers	and	as	seasonality	or	other	cyclic	successions	(within	 layers)	could	not	 be	 detected.	 In	 these	 cases,	 a	 detailed	 separation	 of	 thicker	 layers	 (e.g.	 strongly	organic	 ones)	 into	 several	 thinner	 samples	would	not	have	been	absolutely	necessary	and	it	would	have	been	enough	to	separate	between	the	different	stratigraphic	units	(if	they	 are	 clearly	 separable	 from	 the	 beginning,	 see	 above).	 However,	 it	 would	 be	
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advisable	to	finely	separate	the	layers	in	zones	where	the	stratigraphy	is	not	clear	right	from	the	start,	while	the	separation	would	not	have	to	be	very	detailed	in	zones	where	the	 stratigraphy	 is	 clear.	 But	 in	 both	 cases,	 it	 should	 be	 avoided	 to	 mix	 different	sediment	 types.	 This	 has	 important	 implications	 for	 future	 research	 strategies	 (see	chapter	5.3.5).	On	the	other	hand,	it	has	to	be	noted	that	the	transdisciplinary	way	of	working	is	much	more	 time-demanding	 than	 others	 (Winiwarter,	 2014,	 p.52).	 It	 is	 therefore	 advisable	that	the	whole	process	is	carefully	planned	and	exactly	coordinated	between	disciplines	in	 future	 projects	 so	 that	 there	 is	 enough	 time	 for	 the	 scientific	 exchange	 between	disciplines	 (e.g.	 for	 parallelising	microlayers)	 and	 for	 the	 transdisciplinary	 evaluation.	With	 such	 precautionary	 measures,	 transdisciplinarity	 is	 a	 very	 viable	 method	 to	analyse	 lakeshore	settlements	and	it	should	be	encouraged	as	much	as	possible.	 It	can	greatly	improve	the	understanding	of	complex	lakeshore	settlement	stratigraphies.		
5.1.6	 Spreading	 methodological	 knowledge	 for	 waterlogged	 sediments	 and	 addressing	
other	important	methodological	topics	Based	 on	 this	 research	 and	 also	 on	 previous	 research	 done	 by	 the	 archaeobotanical	group	 at	 the	 IPAS,	 it	 is	 possible	 to	 define	 an	 optimal	 procedure	 to	 treat	 waterlogged	samples	 for	 the	 study	 of	 botanical	macroremains	 (see	 flow	 chart	 in	 appendix	 7.7).	 In	order	to	be	able	to	spread	this	knowledge	further,	a	synthesis	was	done	in	the	form	of	a	video	 describing	 the	 wash-over	 method	 with	 all	 essential	 pre-treatment	 methods.	 In	addition	to	the	results	of	the	research	papers	mentioned	above,	the	works	of	Hosch	and	Zibulski	 (2003)	 on	 wash-over	 sieving	 and	 Vandorpe	 and	 Jacomet	 (2007)	 on	 pre-treatment	were	also	considered.	The	script	of	the	video	(English	version)	can	be	found	in	 the	 appendix	 (7.8)	 and	 the	 video	 itself	 is	 available	 online	 (English	 version:	https://youtu.be/UCa5oKgA0PM;	 German	 version:	 https://youtu.be/D91wZiieeOg).	Using	 it	 for	 teaching	 and	 presenting	 it	 on	 international	 platforms	 will	 hopefully	contribute	to	a	standardisation	of	the	methods	used	to	treat	waterlogged	archaeological	samples.	It	 should	 be	 aimed	 for	 a	 standardisation	 of	 the	 methodology	 used	 for	 waterlogged	sediments	in	order	to	allow	a	quantitative	comparison	of	different	sites.	For	this,	more	research	 is	 needed	 to	 test	 if	 the	 results	 described	 above	 can	 be	 generalised	 for	 other	waterlogged	 sites	 (e.g.	 the	 proportionality	 factor	 for	 volume	 measurements,	 the	subsampling	 process).	 Concerning	 the	 target	 number	 of	 counted	 items	 per	 sample,	 a	further	 evaluation	 using	 our	 data	 is	 already	 ongoing,	where	 its	 interrelation	with	 the	number	of	samples	analysed	is	examined	(Vach	et	al.,	in	preparation).	It	is	also	planned	to	summarize	and	make	available	online	guidelines	for	the	optimal	sampling	method	for	lakeshore	settlements	(at	the	excavation	and	in	the	 lab).	 It	would	also	be	 important	to	look	 into	 other	 methodological	 aspects	 which	 might	 influence	 the	 archaeobotanical	results,	 e.g.	 the	 impact	 of	 different	 extrapolation	methods	 of	 archaeobotanical	 data	 or	the	 subsampling	 method	 of	 the	 smallest	 sieved	 fraction	 (random	 or	 systematic;	 no	difference	was	found	for	charred	material	(Veen	and	Fieller,	1982),	but	it	has	never	been	tested	for	waterlogged	material).	
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5.2	Evaluation	of	layer	formation	processes	at	lakeshores	It	is	important	to	understand	the	layer	formation	at	a	site	before	e.g.	economic	aspects	are	 interpreted,	 as	 it	 could	 have	 strongly	 influenced	 the	 composition	 of	 the	 resulting	deposits.	 Examples	 of	 such	 influences	 are	 flooding	 episodes	 between	 or	 during	settlement	phases,	which	result	in	a	very	different	input	of	material	than	anthropogenic	activities,	or	the	preservation	conditions	of	organic	components	in	the	layers,	which	can	affect	 the	 deposited	 spectrum.	 Different	 methods	 were	 used	 to	 approach	 different	aspects	 of	 layer	 formation	 processes	 in	 the	 past,	 and	 archaeobotany	 was	 always	 an	important	 tool	 for	 this	 (e.g.	 Jacomet,	 1985;	 Schlichtherle,	 1985;	 Jacomet	 et	al.,	 1989;	Brombacher	and	Hadorn,	2004;	Jacomet,	unpublished	data	Risch-Oberrisch).	During	 the	 project,	 useful	 indicator-proxies	 (preservation	 parameters)	 for	 different	depositional	 environments	 were	 defined	 based	 on	 existing	 literature	 (like	 e.g.	Brinkkemper,	 2006,	 Jones	 et	 al.,	 2007)	 and	 earlier	 work	 at	 the	 IPAS	 (e.g.	 Pollmann,	2014).	The	 natural	 depositional	 environment	 of	 layers	 could	 be	 identified	 using	 aquatic	 and	wetland	 plants,	 which	 are	 suitable	 because	 they	 primarily	 represent	 natural	components,	 in	 combination	 with	 modern	 analogue	 data	 of	 natural	 seed	 banks	 (e.g.	Bollinger,	1981).	Using	multivariate	 statistics,	 the	natural	depositional	environment	of	layers	can	be	identified	in	this	way.	We	 tried	 to	 systematise	 and	 standardise	 the	 evaluation	 methods	 so	 that	 they	 are	practicable,	can	be	done	routinely	and	can	easily	be	compared	in	different	sites.	 In	the	following,	the	results	are	summarized	and	future	perspectives	are	discussed.		
5.2.1	 Reconstruction	 of	 layer	 formation	 processes	 using	 the	 preservation	 of	 plant	
macroremains	Forty-seven	 of	 the	 above	 mentioned	 preservation	 parameters	 were	 used	 to	systematically	assess	 layer	 formation	and	preservation	quality	of	 the	 two	sites	Zürich-Parkhaus	Opéra	and	Zug-Riedmatt	(research	paper	3.3).	Even	though	the	taphonomy	of	these	parameters	 is	not	always	 completely	understood	 (modern	experimental	work	 is	needed	 for	 this),	 they	 provided	 an	 important	 insight	 into	 differences	 in	 formation	processes	and	 their	 recording	proved	very	helpful.	They	showed	 that	organic	 samples	from	the	base	of	the	settlement	layer	show	least	signs	of	corrosion	and/or	erosion	and	archaeobotanical	 research	 should	 therefore	 mainly	 focus	 on	 them	 (especially	 if	 the	economy	of	a	site	 is	 the	main	 focus	of	a	study).	Other	samples	could	be	used	to	 target	specific	questions,	e.g.	content	of	loam-rich	features	or	rubbish	heaps.	As	 a	 result	 of	 this	 research,	 in	 studies	 of	 waterlogged	 deposits,	 the	 semi-quantitative	recording	of	a	reduced	list	of	27	preservation	parameters	is	strongly	recommended	(e.g.	preservation	conditions	of	cereal	chaff	and	apple/pear	pericarp;	see	research	paper	3.3).	An	objective	semi-quantitative	numerical	 recording	 (Bullock	et	al.,	1985,	modified	and	own	scale)	can	be	used	in	order	to	reliably	detect	better-	and	worse-preserved	parts	of	
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the	 stratigraphy	 or	 surface	 of	 an	 occupation	 layer	 before	 the	 economy	 of	 the	 site	 is	evaluated.	Following	 the	 models	 in	 Bleicher	 and	 Schubert	 (2015),	 in	 research	 paper	 3.3,	 it	 was	proposed	that	at	least	between	20-45%	of	the	originally	deposited	organic	material	was	preserved	at	some	parts	of	the	investigated	sites.	This	will	help	in	future	reconstructions	of	diet	and	economy.	Attempts	 to	 use	 the	 fragility	 or	 robustness	 of	 seeds	 and	 fruits	 as	 a	 proxy	 for	 the	taphonomy	 of	 the	 layers	were	 not	 successful	 so	 far	 (unpublished	 own	 data	 based	 on	correlations	 between	 different	 groups	 of	 plant	 seeds/fruits).	 But	 this	 topic	 should	 be	investigated	further.	Above	all,	it	should	be	defined	more	clearly	which	seeds	are	suited	for	calculating	a	factor	for	their	survival	rate.		
5.2.2	Disentangling	natural	and	anthropogenic	influences	in	waterlogged	deposits	using	an	
indicator	group	database	Aquatic	 and	 wetland	 plants	 alike	 have	 always	 been	 used	 as	 a	 helpful	 tool	 for	 the	evaluation	 of	 layer	 formation	 processes	 (e.g.	 flooding	 events,	 conditions	 within	 the	settlement)	 at	 Neolithic	 lakeshore	 sites,	 especially	 in	 combination	 with	 data	 from	contemporary	naturally	deposited	modern	analogue	 samples	 (Bollinger,	 1981,	 see	 e.g.	Jacomet,	1985).	For	making	more	readily	accessible	such	modern	analogue	data	during	the	project,	 the	so	called	 indicator	group	database	was	created	 in	ArboDat,	 containing	spectra	 of	modern,	 but	 also	 subfossil	 analogue	 samples	 for	 defined	 assemblages	 (like	reed	belt,	floodplain	sediment	etc.).	At	Zug-Riedmatt,	we	compared	data	of	modern	analogue	samples	from	lakeshores	with	the	 composition	 of	 samples	 from	 the	 Neolithic	 layers	 with	 the	 help	 of	 multivariate	statistics	 (research	 paper	 3.4).	 Using	 these	 proxies,	 we	 could	 see	 a	 change	 from	permanently	flooded	conditions	(lowermost	unit	consisting	of	organic	material,	unit	3)	to	temporarily	much	drier,	but	still	wet	conditions	(uppermost	unit	consisting	of	organic	sediment,	unit	8).	What	became	obvious	(once	more)	 from	these	comparisons	was	the	fact	that	conditions	during	the	deposition	of	settlement	layers	in	lakeshore	settlements	were	not	always	the	same	and	settlements	might	have	been	located	in	different	parts	of	the	 former	 shores.	 As	 in	 some	 cases,	 the	 settlement	 areas	 appeared	 to	 not	 have	 been	permanently	covered	by	water,	it	should	be	investigated	further	if	a	scenario	similar	to	peat	 (acrotelm-catotelm;	 Ismail-Meyer	et	al.,	 2013)	 could	have	 led	 to	 the	 formation	of	well-preserved	 organic	 layers	 (this	 scenario	 was	 not	 considered	 in	 the	 models	investigated	by	Bleicher	and	Schubert,	2015).	Either	way,	conditions	of	layer	formation	in	 lakeshore	settlements	should	be	reconstructed	case	by	case	as	 there	 is	probably	no	universally	 valid	 ‘Pfahlbau	 scenario’.	 For	 more	 details	 concerning	 this	 topic	 at	 Zug-Riedmatt,	see	chapter	5.3.1	below).	Within	 the	 frame	 of	 this	 Ph.D.	 thesis,	 several	 samples	 from	 naturally	 accumulated	sediments	dated	to	the	Neolithic	and	Bronze	Age	were	 investigated	as	well.	They	have	provided	 valuable	 information	 about	 their	 formation	 and	 the	 natural	 composition	 of	layers	in	floodplains	or	lakes.	Some	samples	from	Zug-Riedmatt,	Überbauung	Riedpark	III	 for	 example	 could	 clearly	 be	 identified	 as	 fluvial	 sediments	 based	 on	 both	
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palynological	(personal	comm.	A.	Heitz-Weniger)	and	macrobotanical	results	(based	on	results	from	chapter	4.3).	They	showed	that	a	typical	element	of	these	samples	are	alder	pollen	 and	 fruits	 and	 low	 densities	 of	 aquatic	 plants.	 It	 is	 therefore	 recommended	 to	analyse	 such	samples	 from	naturally	accumulated	Holocene	sediments	 if	possible,	 and	add	their	composition	to	the	indicator	group	database.	Like	this,	they	can	be	used	for	a	comparison	with	 archaeological	 sediments.	 Similar	 data	 from	 other	 researchers	were	already	 inserted	 into	the	 indicator	group	database	(e.g.	Kreuz	et	al.,	1998),	but	not	yet	evaluated.		
5.2.4	 The	 need	 for	 a	 larger	 indicator	 group	 database	 with	 more	 experimental	 and	
archaeological	data	The	biggest	gap	of	knowledge	that	has	been	identified	during	the	course	of	the	project	is	the	 lack	 of	 reference	data	 to	 use	 as	 reliable	 parallels.	Now	more	 than	 ever,	 it	 became	clear	that	such	data	are	indispensable,	particularly	when	one	intends	to	use	multivariate	statistics	for	the	analysis.	Two	lines	of	experiments	should	be	done	in	the	future:	First,	 more	 information	 on	 the	 composition	 of	 samples	 from	 naturally	 accumulated	sediments	should	be	gahered.	So	far,	we	only	have	five	sets	of	data	for	modern	natural	sediments	along	lake-land-transects	at	lake	Zürich	and	Greifensee	(Bollinger,	1981),	and	data	on	samples	from	naturally	accumulated	Holocene	sediments	in	floodplains	are	also	scarce	 (e.g.	 Kreuz	 et	al.,	 1998;	 own	 data,	 see	 chapter	 5.2.2	 above).	 In	 the	 future,	 we	should	therefore	collect	more	modern	analogue	data	from	natural	lakeshores	in	Central	Europe,	 including	strandlines	and	river	 floodplains.	Also	modern	data	 from	ponds	and	pools	(e.g.	modern	fisheries,	ponds	of	sewage	sludge)	should	be	considered.	In	addition,	modern	 analogue	 samples	 from	 contemporary	 lakeshore	 settlements	 (e.g.	 Inle	 Lake)	would	 be	 desirable.	 Environmental	 conditions	 have	 of	 course	 changed	 substantially	since	the	Neolithic	and	it	is	sometimes	difficult	to	find	locations	which	are	not	artificially	influenced	in	some	way.	But	as	shown	in	research	paper	3.4,	modern	analogue	samples	can	 be	 very	 helpful	 for	 the	 interpretation	 of	 archaeological	 samples,	 and	 the	 effort	 of	finding	 suitable	 locations	 is	 therefore	 justifiable.	 In	 addition,	 more	 samples	 from	naturally	accumulated	Holocene	sediments	would	also	be	a	very	helpful	tool	if	they	were	C14-dated.	 Archaeological	 samples	 which	 can	 be	 clearly	 interpreted	 (e.g.	 storage	contexts,	ruminant	dung)	should	also	be	used	more	often	for	evaluating	the	composition	of	mixed	archaeological	layers,	e.g.	in	combination	with	multivariate	statistics.	Second,	 experiments	 about	 decay,	 dislocation	 and	 sinking	 rates	 of	 organic	 material	(more	 precisely	 plant	 remains)	 as	 in	 Schweingruber	 (1976,	 p.	 21)	 and	 Nichols	 et	al.	(2000)	would	 also	 be	 very	 helpful.	More	 studies	 of	 plant	 (macro-)remains	 in	modern	assemblages	would	 be	 useful	 as	 well,	 e.g.	 dung	 (Schepers	 and	 Van	 Haaster,	 2015)	 or	cereal	 processing	 (e.g.	 Hillman,	 1984;	 Jones,	 1990).	 Alternatively,	 processes	 like	 e.g.	accumulation	 of	 organic	matter	 in	 bogs	 and	 fens	 or	 decay	 in	 compost	 heaps	 could	 be	used	 as	 analogies.	 In	 experiments	 and	 studies	 done	 so	 far,	 the	 results	 are	 often	 not	described	in	as	much	detail	as	required	for	us,	so	a	large	part	of	the	classifications	used	for	 botanical	 macroremains	 is	 based	 on	 experience	 rather	 than	 empirical	 data.	 This	results	 in	 a	 lack	 of	 methodological	 transparency	 on	 the	 interpretation	 of	 botanical	
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samples.	 It	 can	 only	 be	 avoided	 in	 the	 future	 by	 the	 use	 of	 well-recorded	 data	 in	statistical	 evaluations	 of	 archaeobotanical	 samples.	 A	 comprehensive	 indicator	 group	database	 could	 help	 us	 answering	many	 of	 the	 questions	which	 are	 still	 unanswered	about	 accumulation,	 reduction	 and	 transformation	 of	 archaeological	 organic	 deposits.	Expanding	the	indicator	group	database	and	making	it	accessible	for	the	public	should	be	an	important	goal	for	the	future.		
5.3	Evaluation	of	the	Zug-Riedmatt	site	Only	64m2	of	 the	 former	 lakeshore	settlement	Zug-Riedmatt	were	excavated	and	 from	this	 area,	 the	 botanical	 macroremains	 of	 five	 profile	 sequences	 were	 analysed	 (see	chapter	4).	These	analyses	showed	that	the	composition	of	the	organic	layers	was	quite	patchy	spatially.	This	means	that	the	palaeoeconomical	results	from	the	excavated	part	might	 not	 or	 only	 carefully	 be	 generalised	 for	 the	whole	 settlement	 (which	 stretches	over	 2500m2,	 based	 on	 the	 results	 of	 corings).	 A	maximum	of	 only	 two	 houses	 could	have	been	located	(partially)	within	the	excavated	area.	In	contrast,	the	stratigraphy	is	optimally	examined	and	can	give	a	lot	of	evidence	concerning	natural	and	anthropogenic	factors	influencing	the	deposition	of	the	occupation	layer.	In	the	following,	both	aspects	and	future	perspectives	will	be	discussed.		
5.3.1	Layer	formation	processes	based	on	the	stratigraphical	evaluation	of	Zug-Riedmatt	Based	on	the	results	from	research	papers	3.3,	3.4	and	chapter	4.3.2,	some	natural	and	anthropogenic	 factors	 influencing	 layer	 formation	processes	 at	 Zug-Riedmatt	 could	be	reconstructed.	 The	 results	 presented	 in	 this	 chapter	 are	 mostly	 based	 on	 the	 plant	macroremain	spectra	and	are	therefore	somewhat	preliminary.	However,	we	are	aware	of	the	fact	that	it	is	necessary	to	include	results	from	as	many	disciplines	as	possible	in	order	 to	 get	 an	 integrated	 insight	 into	 the	 complex	 mixture	 of	 processes	 present	 in	occupation	 layers	 of	 lakeshore	 settlements.	 We	 therefore	 expect	 a	 lot	 more	 results	during	 the	 upcoming	 transdisciplinary	 evaluation	 of	 macroremain,	 pollen,	micromorphological	and	some	insect	and	palynofacies	data	(the	latter	two	by	M.	Schäfer	and	D.	Sebag).	This	evaluation	could	not	yet	be	finalised	but	is	ongoing	(Ismail-Meyer	et	
al.,	in	prep).		
5.3.1.1	Natural	factors	influencing	layer	formation	processes	While	 the	 lowermost	 unit	 consisting	 of	 organic	 sediment	 (stratigraphic	 unit	 3)	might	have	been	sedimented	when	 the	excavated	part	of	 the	settlement	was	still	 covered	by	water,	 the	 uppermost	 unit	 consisting	 of	 organic	 sediment	 (stratigraphic	 unit	 8)	 was	formed	in	at	least	temporarily	drier,	maybe	marshy	conditions	(see	research	paper	3.4).	During	 the	 formation	 of	 the	 intermediate	 unit	 consisting	 of	 organic	 sediment	(stratigraphic	 unit	 6),	 the	 excavated	 part	 of	 the	 settlement	 might	 even	 have	 been	situated	 exactly	 between	 land	 and	 water	 (eulittoral	 zone).	 In	 between	 the	 organic	settlement	 layers,	 organic	micrite	 layers,	most	 likely	 representing	 temporary	 flooding	events,	were	deposited.	They	most	 likely	 represent	natural	 cyclical	 events	 (like	 a	 lake	
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level	rise)	in	the	sense	that	they	were	affected	by	different	agents	than	the	organic	layers	in	between	 (the	 latter	mainly	 represent	high	anthropogenic	 sedimentation	 rates);	 this	could	 also	 be	 seen	 in	 the	 preservation	 parameters,	 where	 a	 group	 indicating	 water	influence	could	be	defined	(research	paper	3.3).	Maybe	the	transdisciplinary	approach	will	 provide	 more	 information	 about	 the	 nature	 of	 these	 agents	 (lake,	 river,	 both	 or	something	else	entirely).		
5.3.1.2	Anthropogenic	factors	influencing	layer	formation	processes	By	 comparing	 the	 composition	 of	 botanical	 macroremains	 of	 the	 stratigraphic	 units	consisting	of	organic	sediments	(3,	6,	8),	different	densities	and	ubiquities	of	 the	plant	taxa	of	the	different	ecological	groups	could	be	found.	Although	these	differences	were	larger	between	unit	3	and	units	6	and	8,	differences	between	the	latter	two	units	were	sometimes	also	substantial	(e.g.	for	gathered	fruits,	berries,	nuts,	acorns).	This	supports	the	 assumption	 of	 them	 representing	 three	 separate	 settlement	 layers	 within	 one	occupation	 phase	 (see	 chapter	 2.1.3),	 although	 this	 should	 first	 be	 confirmed	 by	 the	analyses	of	the	other	disciplines.	The	 state	 of	 preservation	 of	 many	 plant	 remains	 was	 excellent	 or	 even	 outstanding	compared	to	other	lakeshore	settlements	(e.g.	rosehip	fruits		with	hair,	moss	capsules).	The	causes	 for	 this	are	not	yet	entirely	clear.	The	 fact	 that	remains	 in	 the	midden-like	structure	 in	 the	 NW-corner	 of	 the	 excavated	 surface	 (the	 so	 called	 ‘bone	 midden’)	seemed	 to	 be	 especially	 well-preserved	 in	 general	 (see	 also	 Billerbeck	 et	 al.,	 2014,	appendix	7.6)	could	have	been	linked	to	the	loam	layer	on	top	of	it	acting	as	protection,	quickly	 sealing	 the	 organic	 material	 in	 preferential	 conditions.	 The	 ongoing	transdisciplinary	evaluation	will	perhaps	provide	more	 insights	(Ismail-Meyer	et	al.,	 in	preparation),	but	in	future	experiments	on	decay	of	organic	matter	are	needed	to	be	able	to	judge	this	(as	mentioned	above).	It	was	also	found	that	the	local	trophic	conditions	at	the	site	changed	during	the	settling	activities,	as	meso-	and	eutrophic	aquatic	plants	were	more	common	than	oligotrophic	aquatic	plants	while	the	settlement	activities	were	ongoing.	This	was	most	likely	linked	to	rubbish	dumping	and/or	dung	deposition,	which	affected	the	water	quality	near	the	settlement.	No	 stratigraphic	 intermixture	was	 found	 over	 larger	 areas	 of	 the	 profiles	 (there	were	many	finely	laminated	parts	with	different	macroremain	and	pollen	spectra),	and	many	stratigraphic	units	were	present	in	the	whole	excavated	area.	Despite	that,	no	seasonal	deposition	patterns	could	be	found	based	on	botanical	micro-	(personal	comm.	A.	Heitz-Weniger)	and	macroremains	despite	very	detailed	analyses.	This	means	that	seasonality	cannot	always	be	recognized	in	lakeshore	settlements	despite	careful	analyses	(see	also	Richard,	1993,	where	 the	 same	methods	were	used	 for	 two	 sites	 at	 small	 lakes	 in	 the	French	Jura	region,	revealing	seasonality	in	one	site	but	not	the	other).	One	reason	for	this	might	be	the	patchy	composition	of	occupation	layers	(while	naturally	accumulated	layers	seem	to	be	more	uniform,	see	e.g.	Cretan	catchfly	or	brittle	naiad	distributions	at	Zug-Riedmatt).		
	 139	
5.3.2	Nutrition	of	the	Neolithic	population	at	Zug-Riedmatt	Emmer	 and	 tetraploid	 naked	 wheat,	 barley,	 garden	 pea,	 flax	 and	 opium	 poppy	 were	most	 likely	 grown	 in	 the	 nearer	 surroundings	 of	 the	 settlement	 and	 at	 least	 partly	processed	directly	at	 the	 site.	This	 cultivar	 spectrum	corresponds	 to	what	 is	normally	found	 in	 contemporary	 lakeshore	 settlements	 (Brombacher	 and	 Jacomet,	 1997;	Favre,	2002;	Hosch	and	Jacomet,	2004;	Zibulski,	2010;	Antolıń	et	al.,	2017a).	Opium	poppy,	flax	and	 cereal	 bran	 were	 more	 numerous	 in	 the	 lowermost	 unit	 consisting	 of	 organic	sediment	 (stratigraphic	 unit	 3),	 while	 tetraploid	 naked	 wheat	 and	 barley	 were	 most	numerous	 in	 the	uppermost	unit	 consisting	of	organic	 sediment	 (stratigraphic	unit	8).	Our	 results	 most	 likely	 show	 a	 local	 change	 of	 processing	 methods/locations	 at	 the	excavated	and	analysed	places	rather	than	a	change	of	the	economy	in	the	course	of	the	whole	occupation	period	(which	might	have	lasted	several	decennia).	Since	only	mixed	deposits	 (thanatocoenoses)	 were	 found,	 it	 is	 not	 possible	 to	 interpret	 in	 detail	 the	agricultural	 practices.	 The	 presence	 of	 an	 annual	 weed	 flora	 (e.g.	 common	 vervain,	thyme-leaved	 sandwort	 and	 common	 knotgrass),	 however,	 could	 point	 to	 highly	disturbed	soil	conditions	on	crop	fields	and	therefore	the	use	of	permanent	cultivation	(Jacomet	et	al.,	2016).	Gathered	plants	must	also	have	been	an	important	component	of	the	diet.	A	large	range	of	 edible	plants	were	 found,	most	numerous	among	 them	crab	apple,	wild	 strawberry	and	raspberry.	It	is	not	possible	to	say	if	such	plants	were	tended	with	the	intention	of	increasing	their	harvest	based	on	the	results	of	Zug-Riedmatt,	but	the	amounts	in	which	these	plants	were	found	correspond	to	the	ones	found	in	contemporary	settlements,	and	therefore	this	seems	to	be	likely.	In	order	to	properly	test	all	the	statements	above,	it	would	be	important	to	have	more	analysed	samples.	This	will	be	discussed	further	in	chapter	5.3.5.		
5.3.3	Environment	of	Zug-Riedmatt	and	its	possible	use	Important	elements	of	the	natural	environment	of	the	settlement,	in	addition	to	lake	Zug	and	the	river	Lorze,	were	mainly	wetlands	and	woodlands.	The	latter	probably	provided	many	 resources	 for	 building	 activities,	 artefacts	 and	 nutrition	 (for	 humans	 as	well	 as	animals)	 while	 the	 former	 probably	 strongly	 influenced	 life	 at	 the	 location	 of	 the	settlement	itself.	There	 were	 indicators	 for	 an	 increasing	 importance	 of	 grassland,	 weedy	 and	 ruderal	communities	 and	 for	 a	 continuous	 opening	 of	 the	 woodland	 (clearings,	 hedges	 and	bushes)	during	the	existence	of	 the	settlement	(see	e.g.	Fig.	3.1.4-3).	Whether	this	was	caused	mainly	by	plants	growing	directly	in	the	settlement	(due	to	the	ground	becoming	drier),	 by	 local	 changes	 in	 the	 excavated	 part	 of	 the	 settlement	 or	 by	 anthropo-zoogenically	 triggered	 changes	 in	 the	 landscape	 is	 difficult	 to	 determine	based	 on	 the	available	results	so	far,	but	it	would	not	be	a	surprising	outcome	of	settling	activities.	If	wild-growing	useful	plants	were	really	tended,	as	was	mentioned	in	the	chapter	before,	an	opening	of	 the	woodland	could	have	been	 linked	to	such	activities	as	well.	Besides,	several	other	settlements	at	 lake	Zug	could	have	co-existed	with	Zug-Riedmatt	 (Huber	and	Schaeren,	2009),	which	could	have	increased	the	anthropogenic	impact	further.	
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5.3.4	The	 importance	of	assessing	 layer	 formation	 in	waterlogged	sediments	by	studying	
profile	samples	before	studying	surface	samples	for	palaeoeconomical	analyses	The	 evaluation	 of	 botanical	 macroremains	 from	 stratigraphic	 sequences	 can	 give	valuable	 information	 about	 layer	 formation	 processes	 as	 shown	 clearly	 within	 our	project.	 If	 possible,	 surface	 and	 profile	 samples	 should	 be	 combined,	 as	 was	recommended	by	Brombacher	and	 Jacomet	(2005)	and	done	 in	previous	research,	e.g.	for	 Arbon	 Bleiche	 3	 (Brombacher	 and	 Hadorn,	 2004,	 Hosch	 and	 Jacomet,	 2004),	Hornstaad-Hörnle	IA	(Maier,	2001)	or	Torwiesen	II	(Herbig,	2006,	Maier,	2011).	As	the	analyses	of	Zug-Riedmatt	showed,	the	stratigraphy	of	a	site	should	definitely	first	be	studied	in	detail	using	samples	from	profile	columns	in	order	to	recognize	differences	in	layer	formation	processes	and	preservation	in	the	vertical	and	the	horizontal	axis.	In	this	way,	it	is	possible	to	see	where	the	layer	is	best	preserved	and	therefore	suited	for	palaeoeconomic	 investigations.	 In	 addition,	 profile	 samples	 provide	 an	 excellent	opportunity	 to	 define	 a	 stratigraphic	 unit	 system	 similar	 to	 the	 one	 used	 for	 Zug-Riedmatt.	 Based	 on	 the	 experiences	 gained	 at	 the	 Zug	 Riedmatt	 site,	we	 can	 now	 see	which	layers	are	to	be	finely	separated	and	analysed	(of	course,	this	also	depends	on	the	research	 questions).	 Unnecessary	 separations	 can	 be	 avoided	 and	 the	 volume	 of	 the	profile	samples	will	therefore	be	larger.		If	 surface	 samples	 can	 be	 analysed	 in	 addition	 to	 profile	 samples,	 it	 is	 important	 to	parallelise	those	two	sample	types	as	closely	as	possible,	especially	if	the	stratigraphy	is	complex	and	includes	several	settlement	layers	within	one	occupation	phase,	as	was	the	case	 for	Zug-Riedmatt	or	Pfäffikon	Burg	 (Zibulski,	2010).	This	was	already	recognized	many	years	ago	(Jacomet	and	Brombacher,	2005	and	 literature	cited	within),	but	until	now,	there	are	no	satisfying	solutions	for	an	ideal	sampling	strategy,	as	the	assignment	of	 the	 excavated	 layers	 to	 occupations	 phases	 or	 units	 normally	 only	 happens	 (long)	after	 the	 excavation	 is	 finished.	This	 complicates	 the	 surface	 sampling	enormously.	At	the	moment,	no	viable	option	to	avoid	this	problem	can	be	given.	We	recommend	having	a	dense	network	of	profile	 columns	 from	 the	excavated	area,	 and	 ideally	 these	profile	columns	should	be	as	voluminous	as	possible	so	that	all	disciplines	involved	can	sample	the	same	columns	and	the	samples	are	still	large	enough	afterwards.	Additionally,	large-volume	 surface	 samples	 from	 locations	where	 the	 stratigraphy	 can	 be	 clearly	 divided	during	 the	 excavation	 (by	 clear	 changes	 of	 the	 sediment,	 e.g.	 loam,	 organic	micrite	 or	sediments	like	the	‘bone	midden’)	could	be	taken.	If	the	stratigraphy	is	less	complex	and	only	 includes	 one	 clearly	 separable	 occupation	 phases,	 surface	 sampling	 of	 the	 well-preserved	 parts	 of	 the	 occupation	 layer	 is	 a	 good	 choice,	 as	 was	 shown	 for	 Zürich-Parkhaus	Opéra	(Antolín	et	al.,	2017a).		
5.3.5	Future	archaeobotanical	analyses	at	Zug-Riedmatt	Concerning	the	evaluation	of	Zug-Riedmatt,	there	is	still	a	lot	of	material	available	which	could	be	analysed.		
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Concerning	 stratigraphical	 information,	 there	 is	 one	 profile	 sequence	which	would	 be	especially	interesting	to	analyse:	53-52-51-50	(Fig.	2.1.1-3).	It’s	located	between	the	two	analysed	 lakewards	 profiles	 and	 it	 spans	 the	 entire	 sequence	 from	micrite	 below	 the	occupation	 phases	 to	 the	 naturally	 accumulated	 layers	 covering	 them.	 Some	 samples	from	 the	 uppermost	 profile	 50	 were	 already	 macrobotanically	 analysed	 (for	 the	evaluation	 of	 samples	 from	 naturally	 accumulated	 sediments,	 see	 chapter	 5.2.2)	 and	dated	 to	 the	Middle	Bronze	Age.	 Profiles	 51	 and	50	were	 also	 already	palynologically	analysed	(by	A.	Heitz-Weniger).	In	this	sequence,	the	post-settlement	layer	formation	in	profiles	51	and	50	could	be	analysed	in	a	transdisciplinary	way,	giving	additional	insight	into	hiatuses	 and	natural	 sedimentation	 from	 the	Late	Neolithic	 to	 the	Middle	Bronze	Age.	If	the	Horgen	occupation	phases	from	this	sequence	were	analysed	as	well,	it	could	be	tested	whether	the	stratigraphic	unit	descriptions	 fit	other	profiles.	One	 interesting	aspect	would	be	to	check	whether	units	consisting	of	organic	micrite	are	more	uniform	(more	 naturally	 influenced)	 than	 the	 units	 consisting	 of	 organic	 sediments	 (more	anthropogenically	 influenced).	 A	 similar	 purpose	 is	 currently	 pursued	 in	 a	 Bachelor	thesis	 (by	 N.	 Schäfer),	 where	 different	 organic	 micrite	 layers	 are	 archaebotanically	analysed	 and	 the	 results	 are	 going	 to	 be	 compared	 to	 the	 current	 results	 using	 the	method	described	in	chapter	5.2.2.	Concerning	palaeo-economical	 information,	 the	comparison	of	densities	and	ubiquities	of	 large-seeded	 taxa	 in	 large-	 and	 small-volumed	 samples	 from	 different	 sites	 with	values	 from	Zürich-Parkhaus	Opéra	(see	Antolín	et	al.,	2017b,	appendix	7.3)	suggested	to	 sample	 sites	 which	 are	 mainly	 analysed	 through	 small-volumed	 samples	 at	 ca.	 40	spots	 in	 order	 to	 get	 a	 representative	 coverage	 of	 the	whole	 site	 and	 its	 economy.	 It	would	 therefore	 be	 desirable	 to	 analyse	more	 samples	 from	 the	 excavated	 surface	 of	Zug-Riedmatt	(from	the	units	consisting	of	organic	sediment,	3,	6	and	8),	because	until	now,	only	five	spots	were	recorded,	which	might	not	really	be	representative	for	the	site	as	a	whole	(as	already	mentioned	in	previous	chapters).	In	the	case	of	Zug-Riedmatt,	 it	would	be	especially	 interesting	to	analyse	more	surface	samples	in	order	to	compare	the	results	to	those	of	Zürich-Parkhaus	Opéra	and	also	to	compare	 results	 of	 profile	 samples	 to	 results	 of	 surface	 samples	 of	 the	 same	 site.	Unfortunately,	most	surface	samples	cannot	be	assigned	to	units,	but	some	samples	of	the	stratigraphic	units	3,	6	and	8	would	be	available.	If	maybe	 a	 bigger	 part	 of	 the	 settlement	 is	 excavated	 one	 day,	 it	 should	 of	 course	 be	attempted	 to	 analyse	 more	 samples.	 With	 the	 results	 we	 have	 so	 far,	 an	 optimal	sampling	strategy	could	be	arranged	for	that	purpose.			 	
	 142	
6.	References	Akeret	 Ö,	 Jacomet	 S	 (1997)	 Analysis	 of	 plant	 macrofossils	 in	 goat/sheep	 faeces	 from	 the		 Neolithic	 lake	 shore	 settlement	 of	 Horgen	 Scheller	 -	 an	 indication	 of	 prehistoric		 transhumance?	Vegetation	History	and	Archaeobotany	6(4):	235-239		Akeret	Ö,	Haas	 JN,	 Leuzinger	U,	 Jacomet	 S	 (1999)	Plant	macrofossis	 and	pollen	 in	 goat/sheep		 faeces	 from	 the	 Neolithic	 lake-shore	 settlement	 Arbon	 Bleiche	 3,	 Switzerland.	 The	
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Fig.	A5.	Fagus	sylvatica,	fruit	 	 	 	Fig.	A6.	Fagus	sylvatica,	cupule		
	 	
Fig.	A7.	Ulmus	glabra,	seed	 	 	 	Fig.	A8.	Humulus	lupulus,	fruit		
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Fig.	A29.Valeriana	dioica,	fruit	 	 	 	Fig.	A30.	Arctium	sp.,	flower	head		
	 	
Fig.	A31.	Bidens	cernua,	fruit	 	 	 	Fig.	A32.	Bidens	tripartita,	fruit		
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Fig.	A33.	Najas	flexilis,	seed	 	 	 	Fig.	A34.	Najas	marina/intermedia,	seed		
	 	
Fig.	A35.	Najas	minor,	seed	 	 	 	Fig.	A36.	Potamogeton	crispus,	fruit		
	 	
Fig.	A37.	Cladium	mariscus,	fruit	 	 	 	Fig.	A38.	Potamogeton	natans,	fruit		
	 	 	


























Fig.	A59.	Triticum	monococcum,	glume	basis	 	Fig.	A60.	Triticum	aestivum/durum/turgidum,	grain																			(charred)		 	 	 	 	 				(charred)		
	 	
Fig.	A61.	Triticum	durum/turgidum,	rachis	nodes	Fig.	A62.	Triticum	durum/turgidum,	rachis	nodes			 	 	 	 	 	 						 			(charred)														G.	Haldimann,	La	Chaux-de-Fonds,	 ︎	©IPAS,	University	of	Basel		 	
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a b s t r a c t
Volume measurements in archaeobotany are not performed uniformly. The goal of this paper therefore is
to test the different known methods and to deﬁne the obtained differences, in order to make the density
values (remains per litre of sediment) for plant macroremains in the samples comparable between sites.
Three methods of volume measurement were tested for a large number of samples of different sizes
coming from two late Neolithic layers of the lakeshore site of Parkhaus Op!era (Zürich, Switzerland). The
sampled layers were preserved in waterlogged conditions and there were samples rich in sand, loam,
lake marl but mostly consisting of organic remains, including uncharred subfossil plant macroremains. In
general, the classical volume (that is the upper limit of the sediment in water) measured before and after
freezing as pre-treatment gave similar results. But a systematic difference was found between the
classical volume measured after freezing and the displacement volume. This difference could be
described by a proportionality factor of 1.5. This proportionality factor could be used to make data ob-
tained with different methods of volume measurement comparable, although more evaluations are
needed from other sites in order to test the generality of the factor proposed.
© 2015 Elsevier Ltd. All rights reserved.
1. Introduction
The measurement of the amount of sediment sampled and
processed for the retrieval of archaeological remains (including
archaeobotanical or archaeozoological remains, among others) is
considered essential, especially for taphonomic evaluations (e.g.
Jacomet et al., 1989; van der Veen and Jones, 2006), mainly con-
cerning the rate of deposition, but also for spatial palaeoeconomic
interpretations (e.g. Alonso et al., 2008; Maier and Harwath, 2011),
in order to identify activity areas. The reason for this is that samples
from excavations always have different volumes. For making the
values of macroremains out of the samples comparable we have to
calculate densities of macroremains per a given volume (usually
1 L). Therefore, the method for measuring the volume of the sedi-
ments is crucial for the density value. Other standardization
methods could be the use of proportions, which do not have such a
strong dependence on the volume of the sample (see Jones, 1991).
Both methods are in fact compatible and necessary for a better
understanding of archaeobotanical assemblages.
Several measurement techniques are cited in the reference
literature (Pearsall, 1989; Jacomet, Kreuz et al., 1999;Wright, 2005),
mainly oriented to the recording of either sediment volume or
weight. The difﬁculties of using one or another method were
already pointed out in previous work (Jacomet, 1980). In general,
the measurement of the volume is preferred: Pearsall recom-
mended the use of calibrated buckets to measure the volume of the
sediment (Pearsall, 2000: 35); Wright (2005) listed several in-
consistencies derived from the recording of the weight, like the fact
that results might vary due to differences in moisture content. The
presence or absence of stones might be a problem as well. Jacomet
and Kreuz (1999) also put a larger emphasis on the different pos-
sibilities of measuring volume, rather than weight. These are the
main three methods of volume measurement mentioned by the
authors (1999: 114e115):* Corresponding author.
E-mail address: ferran.antolin@unibas.ch (F. Antolín).
Contents lists available at ScienceDirect
Journal of Archaeological Science
journal homepage: http: / /www.elsevier .com/locate/ jas
http://dx.doi.org/10.1016/j.jas.2015.04.019
0305-4403/© 2015 Elsevier Ltd. All rights reserved.
Journal of Archaeological Science 61 (2015) 36e44
	 162	
	
- Noting the upper limit of the sediment in a bucket with dry or
slightly wet (soaked when waterlogged) sediment (so called
classical volume), optimal for loose sediments;
- by calculating the dimensions (length, width and height) of the
sample (when very compact square-shaped samples are to be
analysed);
- by calculating the displacement volume, which is reported to
give the most accurate results (following the Archimedes'
Principle).
There is a logical inconvenience in the measurement of the
classical volume. One cannot control the empty spaces that are
encountered in between the components of the sample: the larger
the components, the more possibilities of increasing the error in
themeasurement (Wright, 2005). But the displacement volume can
be problematic too, since it should be measured when the samples
have a similar degree of density and humidity for it to be compa-
rable. Sediment density might be affected by factors like sediment
pressure, which differ between sites. On the other hand, the mea-
surement of the displacement volume has a better repeatability
(several individuals would read the same volume). This is not clear
for the classical volume, especially with waterlogged and organic-
rich sediments, when the sediment volume is measured in water
and the operators need to use their hand (pressing down all ﬂoating
material) to measure the upper limit of the sediment.
Sediment samples from wetland deposits have been measured,
in their vast majority, by using calibrated buckets or jars. Volumes
are usually expressed in litres or millilitres. Weight and classical
volume (after letting the sediment settle down in water during
hours) were recorded in the analyses of sites from the Lake Zürich
(Jacomet, 1985; Jacomet et al., 1989). Nevertheless, when core
sampling has been applied, like in the case of Hornstaad H€ornle,
some authors have preferred to calculate the dimensions of the
sample using an arithmetic formula (p$r2$L) and the results are
consequently expressed in cubic centimetres (Maier, 2001: 21).
Given that 1 cm3 is equivalent to 1 ml, the data should be easily
comparable with other sites. In more recent work, like the Tor-
wiesen II project, the displacement volume (also in cm3) was
measured instead (Herbig, 2009; Maier and Herbig, 2011). In fact,
weight and displacement volume were recorded for all samples
(Maier and Herbig, 2011: 83) but unfortunately never compared.
But are all these methods comparable? Do they show a linear
relationship? Are there methods which suffer from a poor repeat-
ability? These questions have not been systematically addressed in
wetland sites, and for this reason a critical evaluation is needed. The
only references to previous similar tests known to us are those
performed by Wright and Lopinot (Wright, 2005 and references
therein) in dry sites located in North America, where the authors
compared the measurement of blocks of sediment (length, width
and depth) to the later measurement of the volume using a cali-
brated bucket. The ﬁrst method could produce similar results to the
displacement volume, while the second should be considered as
the classical volume. Wright concluded that very loose sandy sed-
iments yielded a volume around 40% higher when using the clas-
sical volume, mainly due to the difﬁculties of measuring the
sediment blocks in the ﬁeld, while more compact sediments pro-
duced similar volumes with both techniques or a slightly larger
classical volume in clayey sediments (25% in average). For this pa-
per, the classical volume and the displacement volume of water-
logged sediments from the lake-dwelling site of Parkhaus Op"era
(Zürich, Switzerland) will be compared. At the same time, it is also
our aim to calculate a proportionality factor allowing the trans-
lation of results between different methods. Finally, the inﬂuence
that different techniques might have on the ﬁnal concentration
values of the archaeobotanical data will be evaluated.
2. Methods used at Parkhaus Op"era (Zürich, Switzerland)
Excavations conducted in the car park of the Opera House of
Zürich during 2010 uncovered several settlement phases of a large
Neolithic lake-dwelling site. This paper is focused on the data ob-
tained from the samples taken in layers 13 and 14, dendrodated to
the years around 3160 BC and 3090 BC respectively (middle Horgen
Culture; Bleicher and Harb, 2015). The cultural layer consists of
organic debris, as well as loam heaps (presumably from hearths)
and other mineral components (including sand or lake marl, pre-
sumably due to water inﬂuence). The archaeological layers under
analysis suffered heavy sediment pressure by 4 m of modern
inﬁlling (maybe up to 10 tons/m2, Bleicher, pers.com.). Three vol-
ume measurements were recorded at the site: the classical volume
before (1) and after (2) freezing the samples as pre-treatment for
facilitating the sieving (Vandorpe and Jacomet, 2007), and the
displacement volume (3). Two types of samples were measured,
the so-called A- and B-Samples. B-Samples are random subsamples
of c. 500 ml (classical volume) taken (using the grid method) from
the total content of A-Samples. A-Samples are usually of
4000e8000 ml (classical volume). A-Samples were sieved with
sieves of 8 and 2 mm mesh size, for obtaining a representative
reﬂection of large seeded items, while B-Samples were sieved with
2 and 0.35 mm meshes, with the goal of recovering here a repre-
sentative amount of small seeded taxa). All fractions from the A-
samples obtained after sieving were measured using the classical
and the displacement volume. The majority of B-samples were not
yet sieved when performing this evaluation and data on the vol-
umes of the fractions are therefore not included in this paper. The
measurements of the displacement volume and the classical vol-
ume before freezing were always carried out by the same person.
The classical volume after freezing was measured by four different
operators and only for A-samples.
For the evaluation of the concentration of remains per litre of
sediment, which was calculated with ArboDat (©Kreuz and Sch€afer
2013), only A-samples from layer 13 were taken into consideration,
since a much larger number of samples were available (N ¼ 202).
The spatial representation of the data was carried out with ArcGIS
(ESRI, 2010).
The composition of the samples was semi-quantiﬁed before
sieving and values from 0 to 3were given to indicate the abundance
of several components in the samples. Thepresence of clay, sand and
lake marl will be used to assess the effect of different sediment
components on the outcomeof the different volumemeasurements.
Scatterplots and BlandeAltman-plots were used to investigate
the relation between different measurement procedures. Linearity
of the relationship was assessed by adding a quadratic term to a
regression model. Proportionality factors between two measure-
ment procedures were determined by looking at the difference
between the mean logarithmic values and exponentiating this
number. Multiple Linear regression analysis was used to assess the
inﬂuence of covariates on the difference between measurement
methods (using the logarithmic values, except for the difference
between the two classical volumes). The covariates considered
simultaneouslywere the ordinally scaled presence of clay, lakemarl,
sand (as continuous covariates), the layer and the sievers. Stata
(StataCorp, 2013) was used for the statistical evaluation of the data.
The BlandeAltman-Plot was particularly designed to assess the
degree of agreement between two methods of volume measure-
mentwhich are not unequivocally correct (Bland andAltman,1986).
3. Results
As already stated, three measurements were taken for A-sam-
ples (displacement and classical before and after freezing) and 2 for
F. Antolín et al. / Journal of Archaeological Science 61 (2015) 36e44 37
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B-samples (displacement and classical before freezing). We decided
to analyse A- and B-samples separately because the amount of
sediment is very different (A-samples are usually about 6e10 times
larger than B-samples) and this could inﬂuence the results. The
displacement and classical volume of the sieving fractions obtained
after sieving A-samples were also measured and compared.
3.1. A-samples: sediment measures before sieving
The classical volume (measured before and after freezing) and
the displacement volume from a total of 212 samples from layer 13
and 83 from layer 14 were compared (Fig. 1). There is a clear and
consistent overestimation of the volume when using any of the
classical volume measurements. The use of a logarithmic scale
(Fig. 1) conﬁrms that there is a tendency to a constant factor be-
tween the classical volume and the displacement volume. No evi-
dence for a non-linear relationship could be found. We could
estimate this factor as 1.56 for the volume before freezing and as
1.47 for the volume after freezing. No signiﬁcant association be-
tween the presence of clay, sand or lake marl, the layers or the four
sievers with the difference could be observed for both classical
volumemeasurements, except for clay and the difference in volume
after freezing (p ¼ 0.028).
No systematic difference between the classical volume
measured before and after freezing could be observed, although we
can ﬁnd substantial differences on the level of single samples up to
more than 1000 ml (Fig. 2). In a regression analysis, we could
observe a signiﬁcant effect of the presence of clay (decreasing the
difference by 125 ml from level to level, p < 0.001) as well as the
siever (maximal difference 212 ml, p ¼ 0.004). Fig. 3 illustrates
these differences.
3.2. B-samples: displacement vs. classical before freezing
The results obtained for the B-samples are shown in Fig. 4. Due
to the limited variation of the displacement volume, an investiga-
tion of the functional relationship was not possible. However,
assuming proportionality, we could estimate the factor as 1.44. The
regression analysis shows clear indications of an inﬂuence of clay
(p ¼ 0.048), lake marl (p < 0.000) and sand (p < 0.0196. These
associations are illustrated in Fig. 5. The classical volume tends to
overestimate the displacement volume to a lower degree when the
samples are very rich in clay, lake marl or sand. As a result, the B
samples of layer 14 (which are richer in clay, sand and lake marl)
tend to have a lower classical volume (lower right panel in Fig. 5).
In the regressions analysis, layer was insigniﬁcant, suggesting
that the different composition of the material could indeed explain
the difference between the layers.
3.3. A-samples: measures of the volumes of the 8 mm and 2 mm
fractions
The scatterplots produced for the 8 and 2 mm fractions of
organic residues (Fig. 6) show a very similar tendency compared to
the overall volumes (Fig. 1), but with a somewhat higher random
variation, which can be explained by the lower magnitude of the
Fig. 1. Scatterplots showing the distribution of samples before (volbefore) and after (volafter) freezing in relation to the displacement volume. Original scale (top) and logarithmic
scale (bottom) presented. The line visualizes perfect agreement, that means, identical values for volbefore and volafter.
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true volumes. For both techniques no deviation from linearity could
be observed. The proportionality factors were estimated as 1.67 for
the 2 mm fraction and as 1.97 for the 8 mm fraction. We could
observe signiﬁcant associations of the difference with the siever for
both fractions (p < 0.001 in both cases), with the layer for the 2 mm
fraction (p ¼ 0.003), and with lake marl for the 8 mm fraction
(p < 0.001).
3.4. The density of plant macroremains in A-Samples using the
displacement and the classical volume after freezing
The use of different volumemeasurement techniques could have
an effect on the archaeobotanical results, especially when presented
in concentration values of remains/litre. For this reason, the densities
obtained for anumberof selected taxa (somewhich are very frequent
Fig. 2. Scatterplot (left) and BlandAltmanPlot (right) presenting the samples of layers 13 and 14 according to their classical volume before (volbefore) and after (volafter) freezing.
The line in the scatterplot visualizes perfect agreement, that means, identical values for volbefore and volafter.
Fig. 3. Graphs showing the distribution of the difference between the classical volume after (volafter) and before (volbefore) freezing according to several variables. The dots are
proportional to the number of observations with the speciﬁc combination. Mean values are shown as horizontal lines.
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and some which are rare) as well as the overall density of remains
recovered in the A-samples of layer 13were taken into consideration
(Fig. 7). We should expect that densities are underestimated by a
factor reciprocal to the factors observed above, as the volume enters
the density in the denominator. This expectation could be met in all
instances (Fig. 7). We further observe a much lower random ﬂuctu-
ation from sample to sample compared to the previous ﬁgures. This
can be explained by the fact that the variation in density is so big that
themeasurement error in the volumes becomesnegligible. However,
we can observe that in some instances single measurements show a
somewhat larger deviation, which is, however, still smaller than the
overall variation we observed previously.
At a second stage, it was considered of interest to compare the
results obtained when plotting the data with GIS using graduated
Fig. 4. Scatterplots presenting the B-samples according to the classical volume measured before (volbefore) freezing and the displacement volume. Ordinal scale on the left and
logarithmic scale on the right. The line visualizes perfect agreement, that means, identical values for volbefore and displacement volume.
Fig. 5. Graphs showing the classical volume of the B-samples before (volbefore) freezing according to several variables and classiﬁed per layer. The dots are proportional to the
number of observations with the speciﬁc combination. Mean values are shown as horizontal lines. Only B-samples with a displacement volume of 300 ml are included in the
analysis.
F. Antolín et al. / Journal of Archaeological Science 61 (2015) 36e4440
	 166	
	
symbols according to the density of plant remains obtained with
the displacement and the classical volumes. The size of the symbols
was establishedwith the Jenks natural breaks classiﬁcationmethod
(Fig. 8).
Among the remains observed, some produced almost identical
plans using both methods, for instance Quercus sp. Some taxa
presented less similarities, although the general plan was not
radically transformed, that is the case of Arctium sp. Finally one
particular taxon presented major differences: Corylus avellana. In
this case, the use of ArcGIS with the density values calculated with
the classical volume underestimates the importance of hazelnut
shells (in comparison to those calculated with the displacement
volume) in most parts of the cultural layer (Fig. 8). This is mainly
due to the fact that the natural breaksmethod established the break
values at 4.9%, 29.9% and 100%. In most of the remaining cases,
these values were at around 10e15%, 40e50% and 100%.
4. Discussion
4.1. How do classical volume measurements applied before and
after freezing interrelate, and how do they relate to the
displacement volume?
On the one hand, we could prove that there is no systematic
difference when comparing classical volume measurements before
and after freezing. However, there can be large differences at a
single sample level (Fig. 2). These differences seem to be inﬂuenced
by the person who measures the volume and the presence of clay
(Fig. 3). The latter is probably due to the fact that clay is largely
disaggregated due to the freeze-thawmethod and then the classical
volume is reduced after freezing. These results conﬁrm the tests
performed by Vandorpe and Jacomet (2007), which concluded that
this is the most effective pre-treatment method in order to disag-
gregate clayey and heavily compacted organic sediments without
damaging fragile plant macroremains.
On the other hand, all classical volume measurements are error
prone when compared to the displacement volume. There seems to
be a systematic difference which can be described by a factor of
around 1.4 to 1.5. The reciprocal of this factor can be used as
correction factor to go from classical volume to the displacement
volume. On top of this systematic difference, there seems to be a
random measurement error varying from sample to sample, such
that the ratio in a single sample may vary between 1.0 and 2.0 with
a tendency to a larger spread of these ratios if the true volume is
small. This decrease of the random measurement error in the case
of larger volumes to be measured can explain why we could not
demonstrate a dependence of the difference between the classical
volume and the displacement volume on factors like the presence
of clay, sand, lake marl or the siever who performed the mea-
surement in the A-samples with large true volumes. When the
volumes were smaller we could demonstrate such effects, in
particular in the B-samples with true volumes of 300 ml, but also
Fig. 6. Scatterplots presenting the 8 mm and 2 mm fraction from A-Samples from layer 13 according to the classical volume measured before (volbefore) freezing and the
displacement volume. Original scale (top) and logarithmic scale (bottom) presented. The line visualizes perfect agreement, which means identical values for the classical and the
displacement volume.
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for the fractions. So in the case of smaller volumes, in the long run
we may need different correction factors depending on the
composition of the sample. In summary, classical volume mea-
surements both before and after freezing show no systematic dif-
ference and are comparable in the magnitude of the random
measurement error. Both show a systematic proportional
relationship to the displacement volume and hence we can estab-
lish a correction factor. Consequently, both methods can be used.
This is particularly true for large-sized samples, whereas small-
sized samples are inﬂuenced by several variables (e.g. the domi-
nant presence of clay, sand or lake marl) and hence may require
more complicated rules to perform a correction.
Fig. 7. Scatterplots presenting the density of remains per litre of certain taxa in A-Samples from layers 13 using the classical volume measured before freezing and the displacement
volume. The line visualizes perfect agreement, which means identical values for the density values obtained using the classical and the displacement volume.
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Fig. 8. GIS plans showing the density of remains selected taxa (Arctium sp., Corylus avellana and Quercus sp.) of layer 13 in Parkhaus Op!era, using the displacement volume (left side)
and the classical volume (right side) and classifying the samples per graduated symbols and 3-size-categories classiﬁed according to Jenks natural breaks.
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4.2. What inﬂuence does the use of the classical volume have on the
ﬁnal calculations of density of remains per sample?
Whenusing volumemeasurements to compute densities of plant
macroremains, the systematic difference in volume measurements
translate into a systematic difference in the densities, just with a
reciprocal factor. However, the random measurement error of the
volume does not imply a substantial measurement error of the
densities (at least in our data), as the variation in density is much
more pronounced than the measurement error in the volumes.
In one example (C. avellana), in spite of only small differences in
the density measurements, a GIS analysis resulted in two qualita-
tively very different visualizations of the data (Fig. 8). However, this
seems to be more related to an instability in the algorithm to deter-
mine thebreaks than to a changeof the typeof volumemeasurement.
4.3. Then … what method should be used for the recording of the
volume of sediment samples and the different fractions?
It seems that the choice of the measurement procedure of the
volumes has often (but not always) only a very limited impact on
the results obtained within one site. However, great care is neces-
sary when comparing numbers across sites, if different volume
measurement methods have been used. The correction factors
presented in this paper may help to make such numbers compa-
rable, but we need similar investigations for other sites to judge the
generality of these factors and to investigate more systematically
the dependence of correction factors on external factors like the
composition of the sample.
In any case, the displacement volume has to be regarded the
most objective method to measure the volume of the samples of
waterlogged sediments (where samples have a similarly high de-
gree of wetness). It is a simple measurement that we can expect to
have a very good repeatability. The only difﬁculty is to make sure
that the samples or fractions have approximately the same degree
of wetness when measured.
5. Conclusions
Three methods of volume measurement were compared in this
experiment. Our starting hypothesis was to regard the displace-
ment volume as the best system of volume measurement, and to
contrast it with classical volume measurements e both before and
after freezing. The systematic difference between classical and
displacement volume measurements could be described by a pro-
portionality factor of 1.5. A random measurement error could also
be demonstrated, but its inﬂuence on the ﬁnal density estimatewas
so small that it can be regarded as negligible in this context.
However, signiﬁcant qualitative differences were observed in one
example when plotting in GIS the concentration of seed and fruit
remains recovered in layer 13 (Late Neolithic) of the lake site of
Parkhaus Opera (Zürich, Switzerland). Although there can be sub-
stantial differences in classical volume measurements before and
after freezing, in general, similar results and patterns were ob-
tained using any of these two methods. It is recommended to use
our proportionality factor in case of a need for comparison of data
between sites where different measuring techniques were used.
Nevertheless, more evaluations are needed from other sites in or-
der to test the generality of the factor proposed.
Acknowledgements
The authors thank Niels Bleicher (Ofﬁce for Urbanism, City of
Zürich) for providing the samples and for valuable comments on an
earlier draft of this paper. We acknowledge the efforts of the four
sievers who participated in the measuring of the volumes of the
samples. We thank also Marlu Kühn and Christoph Brombacher
(IPAS, University of Basel) for their co-operation in the analysis of
the samples, and also Tim Wehrle (Ofﬁce for Urbanism, City of
Zürich) for producing the GIS plans.
This study was funded by the Swiss National Science Founda-
tion, project number CR30I2_149679/1 (main project leader Phil-
ippe Rentzel) and the canton and town of Zürich.
References
Alonso, N., Junyent, E., Lafuente, A., L!opez, J.B., 2008. Plant remains, storage and crop
processing inside the Iron Age fort of Els Vilars d’Arbeca (Catalonia, Spain). Veg.
Hist. Archaeobot. 17, 149e158.
Bland, J., Altman, D.G., 1986. Statistical methods for assessing agreement between
two methods of clinical measurement. Lancet 327, 307e310.
Bleicher, N., Harb, C., 2015. Zürich-Parkhaus Op!era. Eine neolithische Feuchtbo-
densiedlung. Band 1. Befunde, Schichten und Dendroarch€aologie, Kant-
onsarch€aologie Zürich. Photorotar (Monographien der Kantonsarch€aologie
Zürich, 48), Zürich und Egg.
ESRI, 2010. ArcGIS 10.0. Environmental System Research Institute, Inc., Redlands,
California.
Herbig, C., 2009. Arch€aobotanische Untersuchungen in neolithischen Feuchtbo-
densiedlungen am westlichen Bodensee und in Oberschwaben. Verlag Dr.
Rudolf Habelt, Bonn.
Jacomet, S., 1980. Botanische Makroreste aus den neolithischen Seeufersiedlungen
des Areals Pressehaus Ringier in Zürich (Schweiz). Stratigraphische und vege-
tationskundliche Auswertung. Vierteljahresschr. Naturforschenden Ges. Zürich
125, 73e163.
Jacomet, S., 1985. Botanische Makroreste aus den Sedimenten des neolithischen
Siedlungsplatzes AKAD-Seehofstrasse am untersten Zürichsee. Die Reste der
Uferpﬂanzen und ihre Aussagem€oglichkeiten zu Vegetationsgeschichte,
Schichtentstehung und Seespiegelschwankungen. Juris, Zürich.
Jacomet, S., Kreuz, A., 1999. Arch€aobotanik. Aufgaben, Methoden und Ergeb-
nisse vegetations- und agrargeschichtlicher Forschungen. Eugen Ulmer,
Stuttgart.
Jacomet, S., Brombacher, C., Dick, M., 1989. Arch€aobotanik am Zürichsee. Ackerbau,
Sammelwirtschaft und Umwelt von neolithischen und bronzezeitlichen Seeu-
fersiedlungen im Raum Zürich. Ergebnisse von Untersuchungen pﬂanzlicher
Makroreste der Jahre 1979e1988. Orell Füssli Verlag, Zürich.
Jones, G.E.M., 1991. Numerical analysis in archaeobotany. In: van Zeist, W.,
Wasylikowa, K., Behre, K.-E. (Eds.), Progress in Old World Palaeoethnobotany. A.
A. Balkema, Rotterdam, pp. 63e80.
Maier, U., 2001. Arch€aobotanische Untersuchungen in der neolithischen Ufersied-
lung Hornstaad-H€ornle IA am Bodensee. In: Maier, U., Vogt, R. (Eds.), Sied-
lungsarch€aologie im Alpenvorland VI. Botanische und pedologische
Untersuchungen zur Ufersiedlung Hornstaad-H€ornle IA. Konrad Theiss Verlag,
Stuttgart, pp. 9e384.
Maier, U., Harwath, A., 2011. Detecting intra-site patterns with systematic sam-
pling strategies. Archaeobotanical grid sampling of the lakeshore settlement
Bad Buchau-Torwiesen II, southwest Germany. Veg. Hist. Archaeobot. 20,
349e365.
Maier, U., Herbig, C., 2011. Arch€aobotanische Fl€achenuntersuchungen in der end-
neolithischen Feuchtbodensiedlung Torwiesen II. Die endneolithische Moor-
siedlung Bad Buchau-Torwiesen II am Federsee. In: Naturwissenschaftliche
Untersuchungen, Band 1. Janus-Verlag, Freibung im Breisgau.
Pearsall, D.M., 1989. Paleoethnobotany. A Handbook of Procedures. Academic Press,
San Diego.
StataCorp, 2013. Stata Statistical Software: Statistics: Release 13. Stata Corporation.
Vandorpe, P., Jacomet, S., 2007. Comparing different pre-treatment methods for
strongly compacted organic sediments prior to wet-sieving: a case study on
Roman waterlogged deposits. Environ. Archaeol. 12, 207e214.
van der Veen, M., Jones, G., 2006. A re-analysis of agricultural production and
consumption: implications for understanding the British Iron Age. Veg. Hist.
Archaeobot. 15, 217e228.
Wright, P.J., 2005. Flotation samples and some paleoethnobotanical implications.
J. Archaeol. Sci. 32, 19e26.
F. Antolín et al. / Journal of Archaeological Science 61 (2015) 36e4444
	 170	
Appendix	 7.3.	 Research	 paper:	 The	 bigger	 the	 better?	 On	 sample	 volume	 and	 the	
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This paper provides a reference to estimate the representation of large-sized items (seeds and fruits, mainly) in
samples of larger and smaller volume in wetland sites with the aim of proposing a minimum sample size to re-
cover these remains in a representative way. For this, almost 100 samples from a late Neolithic settlement phase
found at the lakeshore site of Parkhaus Opéra (Zürich, Switzerland) were subsampled into one larger subsample
(A-sample, of ca. 3 l of volume) and one smaller subsample (B-sample, of ca. 0.3 l of volume).We compared how
large and small-sized itemswere represented in the different fractions of large and small subsamples on the basis
of ubiquity, concentration and proportions between the taxa. Large-sized remains (like Prunus spinosa or charred
fragments of Corylus avellana) and somemedium-sized remains (Najas, Aethusa cynapium) weremore often rep-
resented in larger subsamples and therefore are considered to be underrepresented in smaller samples. Average
concentration values were similar in both groups of samples (and therefore comparable) but large differences
were observed on a one-to-one sample basis, ﬁnding no positive monotonic correlation between them. Our ob-
servations also prove that in order to obtain data that are comparable to dryland sites concerning charred re-
mains (including cereals and large-seeded wild fruits), large volume samples of at least ca. 3 l are needed.
Counting units per taxon in each fraction were re-deﬁned on the basis of the results obtained. Finally, some
clues to interpret results concerning large-sized items in sites with samples of small volume are also proposed
following our observations.







Sampling in archaeobotany is a major issue, playing a key role in the
interpretation of botanical assemblages. When designing a sampling
strategy, one needs to take into consideration which contexts are sam-
pled, their potential richness in botanical macroremains, the size of
the samples and the number of contexts sampled per site, in order to
have a dataset that can be considered representative of the total amount
of botanicalmacroremains preserved until today. Above all, the scientif-
ic questions that are aimed for should be clearly stated beforehand in
order to plan the sampling strategy accordingly (see overviews on this
issue in e.g. d'Alpoim Guedes and Spengler, 2014; Filipović and Marić,
2013; Jones, 1991; Lennstrom and Hastorf, 1992; Pearsall, 2015; van
der Veen, 1985). Archaeobotanical research in waterlogged deposits of
prehistoric lakeshore settlements has some speciﬁcities. To start with,
sampling is usually performed before any archaeological structure is
identiﬁed with certainty, since this is mostly done at a second stage,
after the conduction of dendrochronological analyses. This means that
systematic or random sampling (see e.g. Hosch and Jacomet, 2001) is
absolutely necessary to have different structures properly represented
in the samples. Secondly, sample size is another important issue.
When preservation conditions are good, plant macroremains appear
in extremely high numbers (thousands in each sample). For this reason,
a balance needs to be found between having samples large enough to
have all kinds of fruits well-represented in them, and at the same time
trying to analyse them in the most efﬁcient way possible (Jacomet and
Brombacher, 2005; Kenward and Hall, 1995: 454–455; Steiner et al., in
press).
Most of the research in (mostly Neolithic) lakeshore settlements
done in the seventies and the eighties of the XXth century was based
on proﬁle (monolith) samples (e.g. Jacomet, 1980; Jacomet et al.,
1989; Maier, 1988; Schlichtherle, 1985), although there were some
early exceptions of surface sampling (Jacomet, 1981). Proﬁle sampling
yielded samples of a relatively small volume (mostly below 0.3 l) and
recommendations were done to take, in parallel, a certain amount of
bulk samples (10–20 samples of N0.7 l per settlement phase) in order
to record the large-sized items in a representative way (Jacomet et al.,
1989: 82). The large research project carried out at Arbon Bleiche 3 in
the early ninetiesmade it possible to recover samples of a larger volume
to test if large-sized items (those taxa with seeds of well above 2mm in
size or other items like spikelets or capsules) were better represented in
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them. It was soon observed that samples of ca. 0.3 l only allow a repre-
sentative evaluation of small-sized items (below 2 mm) and that sam-
ples of at least 2 l were recommended for a fully representative
analysis (Brombacher and Jacomet, 1997: 222). The goal was to reach
a statistically representative amount of remains for a sample (sensu
Van der Veen and Fieller, 1982). It was observed that ca. 400 remains
per fraction (2 mm and 0.35 mm) were needed for a representative
analysis of a sample, so that large-sized itemswere also representatively
recorded (Hosch and Jacomet, 2001). This made it clear that larger sam-
ples were needed to reach this amount of large-sized remains in the
2 mm fraction. As methodological conclusions of the Arbon Bleiche 3
project, it was recommended (parallel to proﬁle sampling, which re-
mains as the optimal strategy to target layer formation processes in
lakeshore settlements) to take large-volume samples (ca. 3 l, and amax-
imum of ca. 8 l) in a systematic way over the excavated surface of the
settlement. From these large samples, small-volume subsamples (ca.
0.3 l) could be produced in a way that large samples only needed to
be investigated for large-sized items (and therefore sieved with a
mesh of 2 mm) and smaller samples for small-sized items (sieved
with a mesh of 0.35 mm) (Hosch and Jacomet, 2001, 2004: 116). This
time-saving strategy was ﬁnally applied to the recently excavated
multi-phase site of Zürich-Parkhaus Opéra, our case study (Antolín et
al., 2015, 2016, 2017; Bleicher andHarb, 2015) and recently also critical-
ly revised (Steiner et al., in presss).
In parallel to this line of research developed at the IPAS (Integrative
Prehistory and Archaeological Science, University of Basel), other re-
searchers developed alternative sampling strategies, like systematic
coring (every meter). This type of sampling was usually performed
within scientiﬁc research projects (not rescue excavations) and resulted
in a large amount of samples of b0.3 l of volume in average, or occasion-
ally more, like at Sipplingen (0.7 l in average) (Baudais et al., 1997;
Maier, 2001; Maier and Herbig, 2011; Riehl, 2004). Sometimes, this
type of sampling was combined with extensive coarse-sieving, which
allowed observing some of the biases of small-volume samples
(Maier, 2001).
Themain reasonwhy large-volume samples are rarely taken in wet-
land sites is that the archaeobotanical evaluation of the samples is very
time consuming. Furthermore large-volume samples can pose problems
in sites with very thick (superimposed) cultural layers that might re-
spond tomore than one settlement phase, since these samples are difﬁ-
cult to ascribe to a particular phase if this was not possible to identify
during ﬁeldwork (such a case was observed at Pfäfﬁkon-Burg in
Zibulski, 2010). On a more practical scale, large samples also involve
storage difﬁculties, since they need to be stored in cool dark rooms (or
evendeep frozen) to avoid the degradation of the plantmaterial present
in them. Most sites where large samples were investigated usually had
to reduce the number of samples analysed (see Fig. 1). Sites where
small-volume samples were taken rarely reached 50 l of sediment
sieved in total. For this reason, the sampling strategy applied at Zü-
rich-Parkhaus Opéra (with ca. 1000 l of sediment processed) represents
a milestone in archaeobotanical research in prehistoric lakeshore re-
search and can be used as a reference point to review previous research.
The goals of this paper are:
1. testing the comparability of the ubiquity, the concentration values
(density values), the proportion (relative percentage) and the spatial
analysis (using GIS) of large-sized items obtained in the 2 mm frac-
tion of subsamples of different volume taken from the same original
sample;
2. assessingwhich taxa aremore often represented in the 2mmand the
0.35 mm fraction in large and small-volume subsamples taken from
the same samples;
3. comparing the results of our test with those obtained from roughly
contemporary investigated lakeshore settlements with different
sampling strategies;
4. providing guidelines for the optimal procedures to efﬁciently record
these plants in wetland sites and some ﬁnal thoughts on the reliabil-
ity of data obtained from samples of small volume (b0.5 l of
sediment).
2. Materials and methods
Zürich–Parkhaus Opéra (Zürich, Switzerland) is a lakeshore site
with several settlement phases which was excavated during 2010 and
2011 (Bleicher and Harb, 2015). This paper focuses on themethodolog-
ical research carried out with samples from one settlement phase, layer
13 (Horgen culture, dendrodated to c. 3160 BCE, of ca. 20 years of
Fig. 1. Total volume of sediment (in litres) and number of samples sieved per settlement phase of Neolithic lakeshore sites in the Alpine Foreland. Crosses refer to sites where the average
volume per sample was above 0.9 L. Data compiled by S. Jacomet (ESM 1).
324 F. Antolín et al. / Journal of Archaeological Science: Reports 12 (2017) 323–333
	 172	
	
duration (Bleicher and Burger, 2015)). The sampling strategy applied at
the site has been explained in previous publications (Antolín et al., 2015,
2017; Steiner et al., 2015; Steiner et al., in press). Large-volume surface
samples (5–7 l, the master samples) were taken in a systematic way.
These were subsampled before processing in the laboratory into two
subsamples: the so-called A- and B-samples. B-samples were of small-
er-volume (of 0.3 l), were taken using the grid method taking sediment
systematically from each square of the grid (see Steiner et al., in press)
and sieved with meshes of 2 and 0.35 mm size. All B-samples yielded
manymore remains than those thatwe aimed to recover for a represen-
tative evaluation of small-sized items (ca. 400 remains, following Van
der Veen and Fieller (1982) modiﬁed by Hosch and Jacomet (2001)).
For this reason, the 0.35 mm fraction was always subsampled using
the grid method (like for master samples) and sub-samples of ca. 5 ml
were analysed until the target population was reached. In order to see
what volume was necessary to sieve concerning A-samples to recover
a sufﬁcient amount of large-sized remains (ca. 400) in the 2 mm frac-
tion, we performed an early evaluation of the data (unpublished). This
volume was observed to be around 3 l. In consequence, A-samples
were either the amount of sediment that remained after the subsam-
plingprocess to obtain the B-sample or, if thiswas above 4 l of sediment,
a subsample of it (always of above 3 l of volume). Therefore, A-samples
usually had a larger volume of sediment (ca. 3–5 l). They were sieved
withmeshes of 8 and 2mmsize. Thewash-over techniquewith freezing
as pre-treatment was used for processing all samples (Kenward et al.,
1980; Vandorpe and Jacomet, 2007). Over 250 A-samples and 120 B-
samples were analysed completely. The 2 mm fraction was analysed
in both A- and B-samples in 96 samples (see location in Fig. 2). This
allowed a unique possibility to compare the results obtained in both.
Nevertheless, since sediment was removed from the original sample
to obtain the B-sample, we cannot exclude a sequencing effect in our
test. We need to assume that since B-samples usually comprised b1/
20 of the total amount of the master sample (of usually ca. 6 l of sedi-
ment), the impact should be of very low signiﬁcance.
Quantiﬁcation criteria were established in previous publications, so
that certain remains were only quantiﬁed in one of the fractions
(Hosch and Jacomet, 2004; Steiner et al., 2015) (Fig. 3). The aim of
this was to restrict the number of remains to be counted in the 2 mm
fraction to those taxa that are not found in the 0.35mm fraction because
of their larger size. This is an efﬁcient time-saving strategy in the analy-
sis of the 2 mm fraction and it is based on the assumption that the rare
ﬁnding of smaller-size taxa in the 2mm fraction (due to the sieving pro-
cess, which does not perfectly separate both fractions) does not have a
signiﬁcant effect on the overall results for the sample. Taxa that were
not to be counted in A-samples (that is to say, small-sized items) were
described as present or absent in order to at least have their presence re-
corded in the fraction. Thiswas particularly of interest for those samples
for which no B-sample was analysed due to time and budgetary
restrictions.
All sediment volumemeasurements presented in this paper refer to
the displacement volume (Antolín et al., 2015). Nomenclature of scien-
tiﬁc plant names follows the National Data and Information Center of
the Swiss Flora (http://www.infoﬂora.ch).
We calculated the ubiquity values (number of samples in which one
taxon was found) for large- and small- sized items per fraction in both
kinds of subsamples in order to compare how samples of different vol-
umes affect their representation in the record. The results of large-sized
items found in the 2mm fraction of A- and B-samples were represented
in scatterplots with concentration values (number of remains per litre
of sediment) and proportions (relative frequency or percentage of a
taxon in relation to the total of remains of the sample) of objects count-
ed in the 2 mm fraction in both kinds of subsamples. The software R (R
CORE TEAM, 2016) was used for this. In addition to this we integrated
both ubiquity and concentration of large-sized items by producing GIS
Plans with ArcGis (ESRI, 2010) with the data obtained from both sets
of subsamples. The size of the symbols was established with the Jenks
natural breaks classiﬁcation method (Jenks and Caspall, 1971). Anselin
Local Morans I was used to calculate the clusters (Anselin, 1995).
3. Results
3.1. General results
Around 80.000 plant macroremains were found in the 8 and 2 mm
fractions of the 96 A-samples included in this evaluation (in total,
371.75 l of sediment, av. volume of sample 3,7 l; av. density: 209.8 r/
l), and around 7.000 in the 2 mm fraction of the B-samples (29.38 l;
av. volume of sample around 0.3 l; av. density: 236.25 r/l). Over 45
taxa with large-sized diaspores were recovered in both types of sub-
samples. Only 5 taxawere found in one of the sample types exclusively.
Prunus padus, Rhamnus cathartica and Crataegus laevigatawere only re-
covered in A-samples, while Tilia platyphyllos and Laserpitium siler only
Fig. 2. Distribution of the points where both A- and B-samples from layer 13 at Zürich-Parkhaus Opéra. In several cases, more than one sample from the same square was analysed,
representing different parts of the inner stratigraphy of the cultural layer.
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in the B-samples.1 Among the best-represented large-sized items in
both types of samples one can ﬁnd Arctium sp., Corylus avellana,
Galeopsis tetrahit, Linum usitatissimum (large capsule fragments),
Malus sylvestris, Maloideae (pericarp), Prunus spinosa, Quercus sp., Rosa
sp. and Viburnum lantana. Common small- to medium-sized items
found in both samples are Najas intermedia/marina, Potentilla sp.,
Fragaria vesca, chaff remains of Triticum aestivum/durum/turgidum (or
T. “nudum”), Triticum dicoccon and Hordeum vulgare, as well as other
taxa like Chenopodium album, Polygonum persicaria or Sonchus asper.
3.2. Ubiquity
All of the large-sized items were found in higher ubiquity values in
A-samples (Table 1). For some taxa, the differences were not qualita-
tively signiﬁcant, because they were present in almost all samples.
This would be the case of Corylus avellana, Linum usitatissimum (large
capsule fragments), Malus sylvestris and pericarp fragments of
Maloideae. On the other hand, large differences of above 30 samples
(ca. 1/3 of the total) were found for other taxa like Agrimonia eupatoria,
Fallopia convolvulus, charred grains of Hordeum vulgare, Prunus spinosa,
Rosa sp. and Viburnum lantana.
Small-sized itemswere semi-quantiﬁed or only indicated as present
in A-samples (see Section 2). We also compared the ubiquity values ob-
tained in both types of subsamples to check if this semiquantiﬁcation
provided relevant information (Table 2). It was observed in several
cases that taxa that were found in the 2 mm fraction of A-samples
were more rarely found in the 2 mm fraction of B-samples and, instead,
they were mostly recovered in the 0.35 mm fraction. This is the case of
many taxa like: Carex sp., rachis fragments of Hordeum vulgare, charred
seeds of Linum usitatissimum, seeds of Papaver somniferum, Valerianella
dentata, Brassica rapa, Chenopodium album,Malva sylvestris, Polygonum
aviculare, Polygonum persicaria and Ranunculus repens. Other (clearly
small-sized) taxa were found only rarely in the 2 mm fraction of both
kinds of subsamples and mostly in the 0.35 mm fraction of B-samples:
Potentilla sp., Lycopus europaeus, seeds without wings of Betula
pendula/pubescens, among others. There were only a few cases of very
abundant taxa which were found to show similar ubiquity values in
all fractions of all subsample types: uncharred chaff remains ofHordeum
vulgare, Triticum dicoccon, Triticum durum/turgidum and seeds of Linum
usitatissimum. Unexpectedly, a few other medium-sized items were
more often found in A-samples. These include: Najas marina/intermedia
(complete and half seeds), charred chaff remains of Triticum dicoccon
and Triticum durum/turgidum and seeds of Aethusa cynapium as well as
Ranunclus repens.
Fig. 3. Guidelines for the recording of botanical macroremains used in the analysis of Parkhaus-Opéra (Steiner et al., 2015).
1 Wewould like to note that these taxa were found in other A-samples of the same set-
tlement phase not included in this evaluation.
Table 1
Ubiquity (percentage of samples) in which the large-sized items appear in A- and B-sam-
ples. Dark grey-shadowed taxa showed similarly highubiquity values in both types of sub-
samples. If no indication is given, remains are preserved in an uncharred state.
A-Samples B-Samples
Abies alba 32.3 11.5
Acer spec. 21.9 14.6
Agrimonia eupatoria 57.3 16.7
Alnus glutinosa, Catkin 11.5 2.1
Arctium spec. 94.8 68.8
Asteraceae, Flower 29.2 17.7
Betula pendula/pubescens, Cone scale 43.8 25
Ceratophyllum demersum 14.6 1
Cerealia indet., Bran frag. (unch) 66.7 37.5
Cerealia indet., Grain (ch) 53.1 22.9
Clematis vitalba 36.5 9.4
Cornus sanguinea 26 5.2
Corylus avellana (ch) 31.3 8.3
Corylus avellana (unch) 100 88.5
Fagus sylvatica, Cupule 26 4.2
Fagus sylvatica, Pericarp 45.8 22.9
Fallopia convolvulus 57.3 20.8
Frangula alnus 16.7 2.1
Galeopsis tetrahit 81.3 52.1
Hordeum vulgare undiff., Grain (ch) 60.4 28.1
Linum usitatissimum, Capsule fr. (unch) 97.9 88.5
Malus sylvestris, seed 100 86.5
Malus/Pyrus, Pedicel (unch) 43.8 21.9
Malus/Pyrus, Pericarp (unch) 99 91.7
Malva sylvestris 26 2.1
Papaver somniferum, Capsule fr. (unch) 12.5 2.1
Prunus spinosa 86.5 53.1
Quercus spec. 52.1 24
Quercus spec., Pericarp (unch) 89.6 62.5
Rosa spec. 87.5 50
Sambucus nigra/racemosa 16.7 1
Triticum aestivum s.l./durum/turgidum, Grain (ch) 35.4 11.5
Triticum dicoccon, Grain (ch) 36.5 11.5
Viburnum lantana 79.2 32.3
Viscum album s.l. 25 14.6
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3.3. Concentration values and proportions
Differences between A- and B-samples in themean concentration of
large-sized items were not signiﬁcant (Table 3).
Scatterplots were produced in order to show the relationship (on a
one-to-one basis) between A- and B-samples concerning the density
of the most-commonly-found taxa in A-samples (Fig. 4). Secondly, the
proportion of these taxa in relation to the total of the sample were
also plotted for comparison (ESM 2). All scatterplots are much skewed.
In both cases (Fig. 4 and ESM 2), at least two different patternswere ob-
served. A few taxa yielded a better distribution of a part of the samples
along the line, indicating perfect match between both subsample types,
while a number of outliers is always present. This is the case of shell
fragments of Corylus, seeds of Malus sylvestris, pericarp fragments of
Maloideae and large capsule fragments of Linum usitatissimum. The
rest of the taxa showed no clear pattern.
A Spearman's correlationwas run to determine the relation between
the values per taxon of A and B subsamples both using concentration
values and proportions and a strong positive correlationwas only deter-
mined for two taxa in both cases: Agrimonia eupatoria and Ranunculus
repens (Table 4).
3.4. GIS mapping of concentration values
Taxa that were fully quantiﬁed in A- and B- sampleswere represent-
ed in GIS maps using the Jenks natural breaks to deﬁne the size of the
circles to avoid taking differences on a sample-to-sample basis, and
focus on the trends observed of samples with “low”, “medium” or
“high” density, and, in addition to this, pointing out statistically signiﬁ-
cant clusters to compare the information provided by both datasets (see
a summary of selected taxa in Fig. 5 and a more complete list of taxa in
ESM 2). For some large-seeded taxa, like pericarp fragments of
Maloideae, higher densities were found to be more widespread in the
A-samples, and therefore clustering was better identiﬁed (instead of
outliers, which were detected in the B-samples). Clustering was also
better identiﬁed for Arctium seeds and Viburnum lantana in the A-sam-
ples. On the other hand, charred grain of Triticum “nudum” and large
Table 2
Ubiquity (percentage of samples) in which the (small-sized) taxa that were semi-quanti-
ﬁed in A-samples appear in A- and B-samples (2 mm and 0.35 mm fractions separately).
Light grey-shadowed taxa showed higher ubiquity values in one of the fractions or sub-










Hordeum vulgare undiff. Rachis
segment
unch 72.9 59.4 66.7
Aethusa cynapium Seed/fruit unch 19.8 3.1 0
Alnus sp. Seed/fruit unch 19.8 0 16.7








Seed/fruit unch 25 0 22.9
Brassica rapa Seed/fruit unch 17.7 0 22.9
Carex spec. bicarpellat Seed/fruit unch 11.5 3.1 19.8
Carex spec. tricarpellat Seed/fruit unch 40.6 4.2 52.1
Cerastium spec. Seed/fruit ch 1 0 1
Cerastium spec. Seed/fruit unch 1 0 40.6
Chenopodium album Seed/fruit unch 22.9 3.1 39.6
Fragaria vesca Seed/fruit unch 41.7 7.3 92.7
Hypericum perforatum Seed/fruit unch 2.1 2.1 1
Lapsana communis Seed/fruit unch 16.7 4.2 45.8
Linum usitatissimum Seed/fruit ch 18.8 2.1 15.6
Linum usitatissimum Seed/fruit unch 93.8 80.2 95.8
Lycopus europaeus s.l. Seed/fruit unch 14.6 2.1 44.8
Malva sylvestris Seed/fruit unch 26 2.1 13.5
Najas intermedia/marina Seed/fruit unch 77.1 58.3 35.4
Najas intermedia/marina Fruit unch 65.6 46.9 30.2
Origanum vulgare Seed/fruit unch 4.2 0 60.4
Papaver somniferum Seed/fruit unch 66.7 14.6 94.8
Physalis alkekengi Seed/fruit unch 63.5 14.6 66.7
Polygonum aviculare agg. Seed/fruit unch 37.5 0 59.4
Polygonum hydropiper Seed/fruit unch 16.7 3.1 13.5
Polygonum
lapathifolium/persicaria
Seed/fruit unch 2.1 3.1 11.5
Polygonum persicaria Seed/fruit unch 52.1 8.3 43.8
Potentilla spec. Seed/fruit unch 14.6 4.2 81.3
Prunella vulgaris Seed/fruit unch 24 5.2 50
Ranunculus cf. repens Seed/fruit unch 62.5 11.5 43.8
Rubus fruticosus agg. Seed/fruit unch 13.5 44.8 75
Rubus fruticosus/idaeus Seed/fruit unch 87.5 15.6 68.8
Rubus idaeus Seed/fruit unch 17.7 8.3 51
Rumex spec. Seed/fruit unch 10.4 3.1 24
Sambucus ebulus Seed/fruit unch 24 3.1 5.2
Schoenoplectus lacustris Seed/fruit unch 33.3 7.3 25
Solanum nigrum Seed/fruit unch 8.3 4.2 20.8
Sonchus asper Seed/fruit unch 25 3.1 65.6
Stellaria media agg. Seed/fruit unch 18.8 2.1 32.3
Torilis japonica Seed/fruit unch 9.4 2.1 5.2
Triticum dicoccon Glume
base
ch 30.2 6.3 7.3
Triticum dicoccon Glume
base
unch 85.4 74 84.4
Triticum durum/turgidum Rachis
segment
ch 17.7 9.4 6.3
Triticum durum/turgidum Rachis
segment
unch 76 67.7 85.4
Urtica dioica Seed/fruit unch 11.5 2.1 70.8
Valerianella dentata Seed/fruit unch 15.6 4.2 21.9
Verbena ofﬁcinalis Seed/fruit unch 18.8 2.1 86.5
Table 3
Mean concentrations of large-sized items in A- and B-samples (2 mm fraction).
A-SAMPLES B-SAMPLES
Hordeum vulgare undiff., Grain (ch) 1.8 2.2
Triticum aestivum s.l./durum/turgidum, Grain (ch) 0.4 0.6
Triticum dicoccon, Grain (ch) 0.4 0.4
Cerealia indet., Grain (ch) 1.0 0.9
Cerealia indet., Bran frag. (unch) 5.8 3.5
Linum usitatissimum, Capsule fr. (ch) 3.7 2.1
Linum usitatissimum, Capsule fr. (unch) 44.2 30.7
Papaver somniferum, Capsule fr. (unch) 0.1 0.1
Asteraceae (ﬂower) 0.3 0.9
Abies alba 0.1 0.9
Acer spec. 0.1 0.5
Agrimonia eupatoria 0.3 0.6
Alnus glutinosa (catkin) 0.1 0.3
Arctium spec., seeds 5.9 8.1
Betula pendula/pubescens (cone scale) 0.4 1.2
Ceratophyllum demersum 0.1 0.0
Clematis vitalba 0.3 0.5
Cornus sanguinea 0.1 0.2
Corylus avellana (ch) 0.2 0.3
Corylus avellana (unch) 23.9 27.9
Fagus sylvatica, Cupule 0.1 0.1
Fagus sylvatica, Pericarp 1.8 1.7
Fallopia convolvulus 0.8 0.8
Frangula alnus 0.0 0.1
Malus sylvestris, seed 16.2 14.3
Malus/Pyrus, Pericarp (unch) 76.4 89.3
Malus/Pyrus, Pedicel (unch) 0.5 1.3
Malva sylvestris 0.4 0.1
Prunus spinosa 4.8 4.6
Quercus spec. 1.2 2.4
Quercus spec., Pericarp (unch) 13.1 18.8
Ranunculus repens 0.2 1.1
Rosa spec. 4.3 4.9
Sambucus nigra/racemosa 0.1 0.0
Viburnum lantana 1.0 1.4
Viscum album s.l. 0.1 0.8
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capsule fragments of Linum usitatissimum yielded similar distributions
and clustering patterns.
4. Discussion
4.1. Limitations of this work
The results presented in this paper are of high relevance for
archaeobotany in wetland contexts, particularly taking into account
the insufﬁcient amount of methodological research done to date in
this ﬁeld, mostly due to the fact that most of the research is carried
out in the framework of commercial archaeology, which does not
allow the time nor the ﬁnancial support formethodological evaluations.
The comparison presented above is aimed to make a ﬁnal statement
about the need of large-volume samples from well-preserved water-
logged archaeological deposits in order to have a full representation of
all seed and fruit remains (possibly also other types of remains recov-
ered in these samples, like insect or ﬁsh remains). This was a necessary
Fig. 4.Concentration values obtained for selected large-sized taxa inA- and B-samples. The red line shows perfectmatch. (For interpretation of the references to colour in thisﬁgure legend,
the reader is referred to the web version of this article.)
Table 4
Pearson's correlation, p-value. Strong correlations shaded in dark grey.
P: Spearman's correlation Concentration Proportions
Triticum aestivum s.l./durum/turgidum, Grain (ch) 0.004 0.013
Triticum dicoccon, Grain (ch) 0.000 0.000
Cerealia indet., Grain (ch) 0.006 0.011
Cerealia indet., Bran frag. (unch) 0.052 0.162
Hordeum vulgare undiff., Grain (ch) 0.000 0.000
Linum usitatissimum, Capsule fr. (unch) 0.000 0.000
Agrimonia eupatoria 0.661 0.876
Arctium spec. 0.000 0.000
Corylus avellana (unch) 0.000 0.000
Galeopsis tetrahit 0.000 0.000
Malus sylvestris, seed 0.000 0.000
Malus/Pyrus, Pericarp (unch) 0.000 0.000
Prunus spinosa 0.000 0.000
Quercus spec., Pericarp (unch) 0.000 0.000
Ranunculus repens 0.748 0.641
Rosa spec. 0.000 0.000
Viburnum lantana 0.041 0.126
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work given that proﬁle and core sampling are still very commonly used
in similar contexts to the ones investigated in this paper. This kind of
sampling ismost useful to target layer formation processes, but not rep-
resentative enough for a full reconstruction of the economy (particular-
ly regarding the relative importance of different plant foods in diet) at a
site scale.
There are somemethodological limitations in our work that need to
be taken into consideration. The samples we studied need to be under-
stood as subsamples of different volume of the same master sample,
which is not fully comparable to the type of samples that onewould ob-
tain by sampling proﬁles (monolith sampling), using cores scattered
through the site. At most, it could be compared to taking small surface
samples because our samples were taken from a surface of a square
metre (so called scatter samples according to Lennstrom and Hastorf,
1992) and not just at a random point. One should assume that proﬁle
sampling or core sampling would tend to give even more biased results
than the ones presented here, since the chances of not having a good
representation of the whole surface of the site are larger. In addition
to this, taking a sub-sample from the master sample introduced a se-
quencing effect and an error (due to the process of subsampling a
clumpy sediment) that we have recently tried to calculate (Steiner et
al., in press). Ideal case studies or test studies do not generally exist in
archaeology. One cannot take a large and a small sample from a context
without introducing this sequencing effect in some form. For this reason
we still ﬁnd our analysis a powerful tool to judge the representativeness
of different sampling strategies in wetland sites with similar preserva-
tion conditions.
4.2. How comparable are ubiquity, concentration and proportions obtained
in A- and B- samples for large-sized items?
Weobserved that the results obtained for large-sized items in A- and
B-samples tend to diverge considerably, depending on themethod used
to compare the samples. From the most common taxa, only one was
comparably well recorded in both kinds of subsamples: large capsule
fragments of Linum usitatissimum (Table 5). Some taxa never yielded
comparable results like charred grains, bran fragments of Cerealia or
fruits of Agrimonia eupatoria. Other plant macroremains, like pericarp
fragments of Maloideae and nutshell fragments of Corylus avellana
gave roughly similar results for ubiquity, concentration andproportions,
but not in the GIS plans. Other taxa yielded similar GIS-plan distribu-
tions despite dissimilarities in other parameters, like charred grains of
Hordeum vulgare and Triticum aestivum/durum/turgidum. Large-sized
items seem to be systematically underrepresented in small-sized sam-
ples except the most abundant and frequent ones (with the exception
of large capsule fragments of ﬂax) (Steiner et al., 2015).
Regarding ubiquity values, on the basis of what we have observed
(Table 1), very important large-sized items present in almost all sam-
ples (97–100%) are equally recovered in almost all smaller sub-samples
(88–92%), but a few taxa with somewhat lower ubiquity values (75–
95%), which are also economically important, presented clearly lower
values in smaller samples (30–60%), showing poorer chances to be de-
tected with this type of sampling. Therefore, under the pre-condition
that a relatively large number of small-volume samples have been in-
vestigated, large-sized items found in small-volume samples in ubiq-
uities above 50% should be considered as important resources, since it
is unlikely that these values are higher for most taxa when small sam-
ples are taken. Ubiquity values are, therefore, in general, not directly
comparable to other sites where large-volume samples have been
investigated.
Regarding concentration, we have observed that average concentra-
tion values are similar using both datasets and therefore are fully com-
parable, which is a very important result for large-scale comparisons
between different sites with different sample sizes. A relatively large
number of samples and a large-scale surface sampling (from multiple
parts of the settlement) is also required in any case so that these average
values are representative for the site. On the other hand, comparisons
on a sample-to-sample basis do not seempossible either relying on con-
centration values or on proportions. Only two taxa (Ranunculus repens
and Agrimonia eupatoria) seemed to show a positivemonotonic correla-
tion, which is what one would expect if B-samples provided a propor-
tional amount of remains of those found in A-samples. In addition to
this, a qualitative observation of the scatterplots in Fig. 4 and ESM 2
also allowed the observation that the taxa which have the highest ubiq-
uity values in B-samples are the ones which also yielded more similar
results in concentration on a one-to-one basis to A-samples. This
could be interpreted as an indication that concentration values at a sam-
ple scale are in general not reliable in small samples as a direct compar-
ison to large samples except for the most ubiquitous taxa.
Qualitative comparisons (combined with clustering analysis) be-
tween GIS plans produced with concentration values of A- and B-sam-
ples also showed divergences between A- and B-samples, particularly
among clearly large-sized items. For this reason, direct comparison
does not seem possible.
4.3. Which taxa appear in which fractions? Does sample volume make a
difference?
Two different aspects were to be considered regarding the type of
remains found in each fraction:ﬁrst of all, do large-sized remains appear
in the 2 mm fractions independently of sample size? Secondly, are
large- and small-sized items equally separated in the two fractions
that we used in large and small samples? In consequence, were our
counting units adequate for our case study and are they valid for other
case studies with independence of the volume of the samples?
We had deﬁned our counting units on the basis of previous work in
Arbon Bleiche 3 (Hosch and Jacomet, 2004) and adapted them after
performing some initial tests (Jacomet, unpublished) and further siev-
ing tests (Fig. 3, Steiner et al., 2015). With the present work, we identi-
ﬁed some other plant macroremains that were not quantiﬁed in the
2mm fraction of A-samples but should be included in the quantiﬁcation
list in future analyses (these concern mainly middle-sized seeds and
other items): Najas marina/intermedia (complete and half seeds),
charred chaff remains of Triticum dicoccon and Triticum durum/turgidum
and seeds of Ranunculus repens and Aethusa cynapium (ESM 4). It is par-
ticularly important to emphasize that charred chaff remains of cereals
must be counted in this fraction in order to obtain comparable results
to dry sites.
What about small-sized items? As alreadymentioned, smaller-sized
items were semi-quantiﬁed in A-samples. In the case that the 0.35 mm
fraction had not been analysed, how much could one rely on the
semiquantiﬁcations performed in A-samples? Could one use the pres-
ence/absence of these taxa as a reliable indicator in, for instance, prelim-
inary evaluations for a site under study? In this test, the recording of
presence of the taxa proved to be reliable for a lot of taxa (including
uncharred chaff remains of the main cereals and ﬂax seeds) except
those with clearly small seeds like Potentilla sp., Lycopus europaeus,
Betula pendula/pubescens, Fragaria vesca, Origanum vulgare, Prunella
vulgaris, etc. These taxa would have always been underestimated in
terms of ubiquity in the values produced by the 2mm fraction of A-sam-
ples. Oneﬁnal remark is needed: our results are only valid for other sites
where the sieving method was equally gentle (the so-called wash-over
technique). Otherwise,much less small-sizedmaterialwould have been
recovered in A-samples.
4.4. Comparison with other contemporary lakeshore settlements
The results presented above indicate two main guidelines for the
comparison of values regarding large-seeded taxa between sites
where different sample sizes have been taken. The ﬁrst one is that
only the global concentration values (and not at a sample basis) can
be compared if a relatively high number of samples has been studied.
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The second one is that only themost ubiquitous taxawill have a reliable
ubiquity in sites where small samples were taken. Otherwise, taxa with
ubiquities of 30–70% should be considered as very ubiquitous (=75–
95%).
In order to see how useful these guidelines are, we compared our re-
sults with other roughly contemporaneous lakeshore sites investigated
in the region and for which the necessary data were available: Arbon
Bleiche 3 (Hosch and Jacomet, 2004), Horgen Scheller (Horgen layers)
(Favre, 2002), Bad Buchau-Torwiesen II (Maier and Herbig, 2011) and
Zürich-Kanalisationssanierung Seefeld (abbreviated as “KanSan”)
(Layer 3) (Brombacher and Jacomet, 1997). These sites were sampled
in different ways. From Arbon Bleiche 3 we could include proﬁle sam-
ples (av. volume of 0.13 l per sample, 49 samples from 12 places along
a lake-land transect) and surface samples (33 samples of 2 l of volume
in average); the latter came from different locations than the proﬁle
samples. From Horgen Scheller, scatter samples (see section 4.1) of
small volume (ca. 0.6 l)were taken,while fromZürich-KanSanonly pro-
ﬁle samples from 13 locations (ca. 0.7 l of volume per sample in aver-
age) were studied. We selected a number of taxa that appeared in our
test study and, in order to avoid comparing very poor samples, only
samples that presented N100 remains per litre of sediment of these
taxa were kept for the evaluation. The synthesis of the data produced
can be observed in Table 6.
It can soon be observed that the lowest density and ubiquity values
were obtained mostly in the proﬁle samples of Arbon Bleiche 3 and the
coring program at Torwiesen II, which also presented the smallest vol-
umes per sample, as well as in Horgen-Scheller, where the average vol-
umewas below 1 l per sample. It is particularly clear how charred cereal
remains were found in much lower ubiquities in all sets of samples
except the surface samples of Arbon Bleiche 3. These trends conﬁrm
the results observed in our test. The large differences in concentration
values between small- and large-volume samples observed in Table 6
(particularly for Arbon Bleiche, where both types of samples were
taken) might be due to the fact that small-volume samples come from
proﬁle columns or cores (in Bad Buchau). In both cases, the sample is
taken from a speciﬁc point, instead of aiming to have represented a larg-
er surface as with scatter samples. As already noted in the comparison
performed by Jacomet between proﬁle and surface samples at Arbon
Bleiche 3, the average concentration values of small-volume samples
taken from a small number of spots (b20) cannot provide reliable esti-
mations (Jacomet et al., 2004, 413–414)
Regarding the number of places that should be sampled if only pro-
ﬁle columns or cores with samples of b1 l of volume in average are a vi-
able option or in order to consider this type of approach as
representative, 20 sampling spots have been mentioned in previous re-
search (Jacomet et al., 2004, 414).Wewould now even suggest 40 spots
as aminimum, taking into consideration the results of layer 3 in Horgen
Scheller (Table 6). This number remains to be tested, since the work
presented here does not allow stating a minimum number of samples.
4.5. Which is the appropriate volume of sediment to make a reliable evalu-
ation of large-sized items in wetland sites? Which are the implications for
research carried out to date in wetland sites?
The analysis of ubiquity showed that some plantmacroswere clearly
underrepresented in samples of small size like charred cereal grains,
and wild plants with a secondary importance (not regularly consumed
and processed, but economically important) like Viburnum lantana,
Rosa sp. or Prunus spinosa. In this case, only very frequent and abundant
taxa like Corylus avellana or Malus sylvestris produced similar patterns
for large- and small-volume samples.
On the other hand, the mean concentration per taxon seems to not
be signiﬁcantly different between subsample types, which is probably
not comparable to sites where proﬁle or core samples were taken be-
cause these only reﬂect very speciﬁc areas of the surface of the site.
Therefore, if a large number of small samples (above 40) is taken and
the spatial patterning of each plant taxon is not a main question of the
project, a reliable average density can be obtained for a settlement
phase and reliable ubiquity values for all those taxa that appear in
high densities and extremely high ubiquities. For large-sized taxa that
do not appear in most samples and particularly taxa that appear in
low densities, small-sample volumes are not appropriate. This implies,
for instance, that charred grains (probably excluding those in burnt
layers) were not representatively recorded in sites where only samples
of small volume were taken.
Table 5
Ticks mark an “acceptable” agreement in the results obtained in A- and B- samples.
Ubiquity Concentration Proportion GIS Plan
Malus sylvestris, seed
Maloideae, pericarp fragment





Cerealia, bran fragment (uncharred) 
Hordeum vulgare, grain (charred)
Triticum “nudum”, grain (charred)
Linum usitatissimum, large capsule 
fragment
Arctium sp., seed
Fig. 5. GIS plans for different taxa quantiﬁed in A- (left column) and B-samples (right column) showing the density of remains per sample using Jenks natural breaks to deﬁne symbol size
and Anselin Local Morans I to identify clusters and outliers.
Fig. 5. (Continued)
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From the results obtained at Zürich-Parkhaus Opéra, we can infer
that samples of 3 l of sediment volume (that is to say 4.5 l if measuring
the classical volume) are needed for a representative recovery of large-
sized plant remains. This conﬁrms the estimations done in previous
work, but tests should be carried out in other sites to prove the applica-
bility of this value (it can vary if this amount is not enough to recover ca.
400 large-sized items, for instance).
This result implies that more human and ﬁnancial efforts need to be
put in the archaeobotanical research of sites with waterlogged preser-
vation, and that more methodological critique needs to be included in
the interpretation of archaeobotanical assemblages coming from sam-
ples of small volume in this type of archaeological deposits.
5. Conclusions
In this studywe could perform a test analysis that ﬁnally proves that
large-volume samples are needed for the representative recording of
large-sized items (including charred cereal grain) in wetland sites, es-
pecially if the economy of a site is targeted. This is an important result
given that sample sizes are usually very small (below 1 l) in these
sites, which renders the results of these unique contexts (regarding
charred remains) almost incomparable to the archaeobotanical data ob-
tained from dry sites. We therefore recommend the use of samples of
around 3 l of sediment, at least, for well-preserved Neolithic settlement
layers (with average concentration values per sample of around 10.000
mostly uncharred remains per litre of sediment).
We could also show that average density values obtained from
small-volume samples might be comparable to those obtained from
large-volume samples. This facilitates inter-site comparisons ofwetland
sites, although caution is always recommended in interpretations. Ubiq-
uity values of large-sized itemswill probably be underestimated in sam-
pling programs based on samples of small volume. In this case, ubiquity
values above 30% and particularly above 50%, need to be considered as
very high. Site plan distributions of large-sized items based on samples
of small volume are prone to a large bias and should not be performed
or interpreted as representative (particularly the absence of remains
cannot be interpreted in these cases).
Since the number of remains to be counted per sample are indepen-
dently treated for each fraction (ca.400 remains are needed per frac-
tion), counting units need to be clearly pre-deﬁned to avoid counting
remains twice and our proposal can be used as a reference. A proposal
is included in the ESM 4 of this paper.
Finally, we recommend the conduction of tests at a site scale to
check the suitability of these standards to each case study.
Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.jasrep.2017.02.008.
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Within the framework of the SNF-funded project Formation and 
taphonomy of archaeological wetland deposits: two 
transdisciplinary case studies and their impact on lakeshore 
archaeology (project nr. CR30I2_149679), several studies were 
performed in order to determine how to best treat a waterlogged 
archaeobotanical sample before and during analysis.
Together with research at the IPAS over the last 20 years, these 
studies give important methodological implications, which are 
briefly presented here.
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online handbook of procedures incl. video with wash-over sieving instructions in preparation
Sites
Two Neolithic lakeshore 




dated to c. 3200-3100 cal BC
Comparison of different sample volumes/fractions (Antolín 
et al., in preparation)
Results from the 2mm fraction of large-volume samples were 
compared with the ones from the 2mm fraction and the 0.35mm 
fractions of small-volume subsamples taken from the same 
samples. The goal was to see which taxa were found in which 
fraction and sample type (large or small volume) in order to 
improve the sampling strategy in future projects.
Testing the consistency of wash-over 
sieving (Steiner et al., 2015)
Inconsistencies of sieving performed by 
different operators can negatively affect 
archaeobotanical results (Hosch and 
Zibulski, 2003).
Here we tested the consistency between 
four sievers with identical instructions using 
the wash-over sieving method (Kenward et 
al., 1980).
Investigation of the subsampling 
process (Steiner et al., submitted)
Following previous research (Hosch and 
Jacomet, 2001), the sampling of ZHOPE 
was based on bulk samples (5-8L) for a 
representative recovery of large 
remains. Subsamples (0.3L) were taken 
to investigate the smaller fraction, thus 
minimizing the sieving time. Different 
techniques for carrying out this 
subsampling were tested.
Comparison of volume measurement 
techniques (Antolín et al., 2015)
Systematic comparison of the two 
commonly used methods of displacement 
and classical (upper limit of the sediment 
in water, measured before and after 
freezing as pre-treatment) volume 
measurement were done with the 
samples of ZHOPE (>300). Four 





bulk or profile sample, ideally min. 3L
(Hosch and Jacomet, 2001)
taking of subsamples for special examinations,
eg. of pollen, parasites, geochemistry
volume measurement using the displacement method
(Antolín et al., 2015)
freezing and slow thawing of sample as pre-treatment
(Vandorpe and Jacomet, 2007)
wash-over sieving (Hosch and Zibulski, 2003)
clear instructions and feedback for sievers (Steiner et al., 2015)
at best 100% of the sample if time-saving strategy needed
subsampling after sieving random sampling
(Steiner et al., submitted)
large subsample small subsample
8 + 2 mm (2 +) 0.35 mm
analysis
using detailed counting instructions
to avoid counting remains twice in different fractions

















































































































































































































































































Stefanie	Jacomet		 	 	 	 film	production	
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Laura	Rindlisbacher	 	 	 	 speaker	
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site: 6252 ZGRI profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile
0.50 0.17 2.20 0.12 0.42 0.34 0.50 0.10 1.00 0.15 0.20 0.35 0.30 0.20 0.21 0.17 0.10 0.50 0.45 0.08 0.20 0.30 0.45 0.30 0.15 0.16 0.50 0.60 0.15 0.20 1.00 0.60 0.30 0.15 0.50 0.38 0.30 0.40 0.65 0.15 0.60 0.30 0.50 0.40 1.00 0.80 0.40 0.75 1.00
M1 M2 M1 M3 M1 M1 M1 M1 MO1 MO1 MO2 MO1 MO1 MO1 MO1 M2 MO1 O1 SO, O1 OL O2 O2 O1 O2S L2 O1 O1 O1 O2 O2 O1 L1 MO2 MO2 MO2 MO2, O1, L1O1 S OSLM O1 OS L1 L1 OSLM L1 SO OSLM OSLM OSLM
U1 U1 U1 U1 U1 U1 U1 U1 U2 U2 U2 U2 U2 U2 U2 U2 U2 U3 U3 U3 U3 U3 U3 U3 U3 U3 U3 U3 U3 U3 U3 U3 U4 U4 U4 U4, U5 U4? U4? U4? U5 U5 U5 U5 U5 U5 U5 U5 U5 U5
46_1 46_2 74_1 74_2 88_1 88_2 96_1 96_2 46_3 46_4 46_5 68_4 74_3 74_4 88_3 96_3 96_4 46_6 46_7-8 46_9 46_10 68_5 68_6 74_5 74_6 74_7_1 88_4 98_4 98_5 96_5 96_6 96_7 46_11 46_12 68_7 96_8 74_7_2 88_5 98_6 74_8 74_9_1 74_9_2 73_1 88_6 88_7 88_8 98_7 98_8 98_9
type state density (r/l)
aquatic plants oligotrophic
Chara spec. oog uncharred 64.00 52.94 520.45 175.00 238.10 235.29 178.00 670.00 36.00 66.67 50.00 137.14 140.00 80.00 342.86 952.94 250.00 0.00 0.00 12.50 5.00 100.00 2.22 6.67 6.67 12.50 130.00 100.00 20.00 10.00 180.00 1.67 200.00 93.33 6.00 10.53 3.33 80.00 0.00 6.67 6.67 10.00 14.00 0.00 0.00 2.50 2.50 0.00 0.00
Chara spec. oogK uncharred 24.00 17.65 254.55 100.00 150.00 82.35 0.00 0.00 4.00 6.67 0.00 120.00 153.33 15.00 271.43 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 13.33 6.67 6.25 6.00 75.00 0.00 0.00 0.00 0.00 0.00 13.33 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Nitella spec. oog uncharred 3436.00 129.41 87.27 16.67 38.10 2.94 1468.00 50.00 21.00 0.00 10.00 2.86 10.00 0.00 0.00 23.53 0.00 0.00 0.00 25.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.00 0.00 3.33 0.00 96.00 39.47 0.00 0.00 4.62 0.00 66.67 43.33 50.00 0.00 1.00 100.00 0.00 0.00 0.00
density 3524.00 200.00 862.27 291.67 426.19 320.59 1646.00 720.00 61.00 73.33 60.00 260.00 303.33 95.00 614.29 976.47 250.00 0.00 0.00 37.50 5.00 103.33 2.22 20.00 13.33 18.75 136.00 175.00 20.00 10.00 183.00 1.67 203.33 106.67 106.00 50.00 3.33 80.00 4.62 6.67 73.33 53.33 64.00 0.00 1.00 102.50 2.50 0.00 0.00
number of taxa 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 1.00 2.00 2.00 2.00 1.00 1.00 2.00 1.00 0.00 0.00 2.00 1.00 2.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 2.00 1.00 2.00 1.00 3.00 2.00 1.00 1.00 1.00 1.00 2.00 2.00 2.00 0.00 1.00 2.00 1.00 0.00 0.00
aquatic plants meso-/eutrophic
Myriophyllum cf. spicatum seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Najas flexilis seed/fruit uncharred 14.00 47.06 10.91 16.67 47.62 229.41 0.00 0.00 2.00 20.00 0.00 2.86 3.33 0.00 142.86 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 3.33 0.00 0.00 1.00 0.00 3.33 66.67 148.00 0.00 0.00 0.00 1.54 0.00 1.67 0.00 6.00 0.00 0.00 1.25 2.50 0.00 3.00
Najas minor seed/fruit uncharred 0.00 5.88 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 50.00 0.00 0.00 0.00 0.00 0.00 10.00 0.00 0.00 0.00 15.00 0.00 2.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 140.00 266.67 214.00 923.68 0.00 0.00 3.08 0.00 1.67 6.67 12.00 0.00 0.00 2.50 0.00 0.00 0.00
Najas intermedia/marina seed/fruit charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Najas intermedia/marina seed/fruit uncharred 42.00 35.29 14.09 8.33 28.57 29.41 26.00 0.00 6.00 66.67 15.00 8.57 0.00 0.00 4.76 0.00 30.00 2.00 6.67 87.50 40.00 6.67 17.78 3.33 6.67 0.00 2.00 1.67 13.33 10.00 1.00 15.00 40.00 106.67 364.00 160.53 3.33 0.00 3.08 0.00 0.00 0.00 0.00 0.00 0.00 2.50 0.00 0.00 6.00
Najas intermedia/marina fruit whole uncharred 18.00 5.88 0.45 0.00 7.14 0.00 0.00 0.00 6.00 80.00 30.00 8.57 10.00 0.00 0.00 0.00 0.00 2.00 6.67 87.50 20.00 0.00 17.78 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 26.67 20.00 24.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 1.25 0.00 0.00 0.00
Najas spec. seed/fruit uncharred 0.00 0.00 0.45 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 20.00 12.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Najas spec. leaf uncharred 56.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 14.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 15.00 1.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00
Nuphar lutea seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 13.33 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Nuphar spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Nuphar spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Nymphaea spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Nymphaea spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Nymphaeaceae seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Potamogeton crispus seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Potamogeton cf. crispus seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Potamogeton natans seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Potamogeton cf. natans seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Potamogeton cf. obtusifolius seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Potamogeton spec. seed/fruit uncharred 0.00 5.88 0.00 0.00 0.00 0.00 0.00 0.00 3.00 0.00 0.00 2.86 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Trapa natans seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
density 130.00 100.00 25.91 25.00 83.33 258.82 26.00 0.00 17.00 173.33 95.00 37.14 13.33 0.00 147.62 0.00 40.00 4.00 13.33 187.50 75.00 6.67 37.78 3.33 6.67 0.00 4.00 5.00 13.33 25.00 3.00 15.00 216.67 500.00 766.00 1084.21 6.67 0.00 7.69 0.00 5.00 6.67 18.00 0.00 2.00 7.50 2.50 0.00 9.00
number of taxa 2.00 4.00 2.00 2.00 2.00 2.00 1.00 0.00 2.00 2.00 2.00 2.00 2.00 0.00 2.00 0.00 2.00 1.00 1.00 2.00 2.00 1.00 2.00 1.00 1.00 0.00 2.00 2.00 1.00 2.00 2.00 1.00 3.00 4.00 5.00 2.00 2.00 0.00 3.00 0.00 3.00 1.00 2.00 0.00 1.00 3.00 1.00 0.00 2.00
reed bed and sedge swamp plants
Alisma plantago-aquatica seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Alisma spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cicuta virosa seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cladium mariscus seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
Eleocharis palustris agg. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Eleocharis spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00
cf. Glyceria spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.25 0.00 0.00 0.00
Lycopus europaeus seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.86 0.00 0.00 4.76 0.00 0.00 8.00 0.00 0.00 0.00 10.00 2.22 3.33 26.67 62.50 0.00 0.00 6.67 0.00 0.00 1.67 6.67 13.33 4.00 7.89 6.67 0.00 0.00 0.00 1.67 0.00 4.00 0.00 50.00 1.25 5.00 0.00 0.00
Mentha aquatica seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Phragmites australis seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 5.88 0.00 0.00 1.00 6.67 5.00 0.00 6.67 10.00 4.76 5.88 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 1.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 0.00 0.00 0.00
cf. Phragmites australis seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Poa palustris seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Poa palustris seed/fruit charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Schoenoplectus lacustris seed/fruit uncharred 0.00 0.00 0.00 0.00 2.38 0.00 0.00 0.00 1.00 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 10.00 3.33 2.22 0.00 53.33 25.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 3.33 0.00 1.54 0.00 0.00 0.00 0.00 0.00 0.00 1.25 0.00 0.00 1.00
Schoenoplectus cf. lacustris seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Schoenoplectus spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Schoenoplectus spec. seed/fruit uncharred 0.00 0.00 0.00 8.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Typha spec. seed/fruit uncharred 0.00 11.76 0.00 0.00 2.38 0.00 0.00 0.00 3.00 13.33 0.00 0.00 6.67 0.00 4.76 11.76 10.00 0.00 0.00 12.50 0.00 0.00 0.00 3.33 0.00 6.25 2.00 1.67 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 4.62 0.00 0.00 0.00 0.00 0.00 0.00 2.50 0.00 0.00 0.00
density 0.00 11.76 0.00 8.33 4.76 5.88 2.00 0.00 5.00 20.00 10.00 2.86 13.33 10.00 14.29 17.65 10.00 10.00 0.00 12.50 10.00 13.33 4.44 6.67 80.00 100.00 4.00 1.67 13.33 0.00 4.00 1.67 13.33 13.33 6.00 7.89 10.00 2.50 6.15 0.00 1.67 0.00 4.00 0.00 51.00 8.75 5.00 0.00 2.00
number of taxa 0.00 1.00 0.00 1.00 2.00 1.00 1.00 0.00 3.00 2.00 2.00 1.00 2.00 1.00 3.00 2.00 1.00 2.00 0.00 1.00 1.00 2.00 2.00 2.00 2.00 4.00 2.00 1.00 2.00 0.00 3.00 1.00 2.00 1.00 2.00 1.00 2.00 1.00 2.00 0.00 1.00 0.00 1.00 0.00 2.00 5.00 1.00 0.00 2.00
wet grassland plants
cf. Deschampsia cespitosa seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Filipendula ulmaria seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 2.94 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.22 25.00 0.00 0.00 2.22 0.00 6.67 0.00 0.00 0.00 0.00 0.00 1.00 1.67 3.33 0.00 0.00 2.63 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 0.00 0.00 0.00
cf. Filipendula ulmaria seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Hypericum tetrapterum seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00
Linum catharticum seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Lythrum salicaria seed/fruit charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00
Lythrum salicaria seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 26.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 1.00 0.00 0.00 0.00 0.00
Mentha arvensis seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.00 2.50 69.00 0.00 0.00 0.00 0.00
Molinia caerulea seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Molinia caerulea seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Molinia arundinacea seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Molinia arundinacea seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Plantago major s.l. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.76 0.00 0.00 2.00 2.22 0.00 0.00 0.00 0.00 0.00 53.33 75.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 0.00 6.00 2.63 3.33 2.50 0.00 6.67 1.67 0.00 4.00 0.00 0.00 1.25 0.00 0.00 0.00
Potentilla reptans seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ranunculus cf. repens seed/fruit uncharred 0.00 0.00 0.00 0.00 2.38 2.94 0.00 0.00 0.00 6.67 0.00 2.86 0.00 0.00 0.00 0.00 0.00 0.00 4.44 12.50 5.00 3.33 8.89 0.00 6.67 62.50 0.00 0.00 0.00 10.00 0.00 0.00 6.67 6.67 6.00 5.26 13.33 0.00 0.00 6.67 0.00 0.00 2.00 2.50 1.00 5.00 0.00 0.00 0.00
Scirpus sylvaticus seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 20.00 25.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00
Valeriana dioica seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Veronica spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Veronica spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
density 0.00 0.00 0.00 0.00 2.38 5.88 2.00 0.00 0.00 6.67 0.00 2.86 0.00 0.00 4.76 0.00 0.00 2.00 8.89 37.50 5.00 10.00 11.11 0.00 113.33 162.50 0.00 1.67 0.00 10.00 1.00 1.67 10.00 6.67 14.00 10.53 20.00 2.50 0.00 13.33 1.67 0.00 22.00 5.00 71.00 8.75 0.00 0.00 0.00
number of taxa 0.00 0.00 0.00 0.00 1.00 2.00 1.00 0.00 0.00 1.00 0.00 1.00 0.00 0.00 1.00 0.00 0.00 1.00 3.00 2.00 1.00 2.00 2.00 0.00 5.00 3.00 0.00 1.00 0.00 1.00 1.00 1.00 2.00 1.00 3.00 3.00 3.00 1.00 0.00 2.00 1.00 0.00 6.00 2.00 3.00 3.00 0.00 0.00 0.00
shoreline pioneers incl. shore weeds
Bidens cernua seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Bidens cf. tripartita seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
Bidens spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cyperus fuscus seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 13.33 87.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cyperus spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cyperus/Scirpus seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Hypericum cf. humifusum seed/fruit uncharred 0.00 0.00 0.00 0.00 2.38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Myosoton aquaticum/Stellaria nemorum seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.00 0.00 0.00 0.00 0.00 5.88 0.00 2.00 0.00 12.50 0.00 0.00 4.44 0.00 160.00 112.50 0.00 0.00 6.67 0.00 1.00 0.00 0.00 6.67 2.00 0.00 3.33 2.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.25 0.00 0.00 0.00
Polygonum hydropiper seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.44 3.33 0.00 6.25 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 4.00 2.63 0.00 7.50 1.54 0.00 0.00 0.00 0.00 0.00 1.00 0.00 2.50 0.00 0.00
Polygonum cf. hydropiper seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Polygonum lapathifolium agg. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 13.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Polygonum cf. lapathifolium agg. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Polygonum minus seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.44 0.00 20.00 12.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Polygonum mite seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Polygonum mite/minus seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 0.00 0.00 0.00
Ranunculus sceleratus seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Torilis japonica seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Torilis cf. japonica seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Urtica dioica seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.00 2.22 12.50 10.00 10.00 8.89 0.00 120.00 225.00 0.00 1.67 0.00 0.00 2.00 0.00 0.00 0.00 8.00 2.63 100.00 2.50 0.00 13.33 0.00 3.33 0.00 0.00 2.00 0.00 0.00 0.00 0.00
density 0.00 0.00 0.00 0.00 2.38 0.00 0.00 0.00 0.00 6.67 10.00 0.00 0.00 0.00 0.00 5.88 0.00 10.00 2.22 25.00 10.00 10.00 22.22 3.33 333.33 443.75 0.00 1.67 6.67 0.00 4.00 0.00 0.00 13.33 14.00 5.26 110.00 12.50 1.54 13.33 0.00 3.33 0.00 0.00 3.00 3.75 2.50 0.00 1.00
number of taxa 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 1.00 1.00 0.00 0.00 0.00 0.00 1.00 0.00 3.00 1.00 2.00 1.00 1.00 4.00 1.00 6.00 5.00 0.00 1.00 1.00 0.00 3.00 0.00 0.00 2.00 3.00 2.00 4.00 3.00 1.00 1.00 0.00 1.00 0.00 0.00 2.00 2.00 1.00 0.00 1.00
wetland plants unassigned
Cardamine cf. flexuosa seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Chrysosplenium alternifolium seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 2.22 0.00 13.33 12.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Eupatorium cannabinum seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 5.88 0.00 0.00 2.00 0.00 5.00 0.00 0.00 5.00 4.76 0.00 0.00 0.00 2.22 0.00 0.00 0.00 2.22 3.33 0.00 12.50 2.00 3.33 6.67 0.00 1.00 0.00 10.00 26.67 0.00 7.89 0.00 2.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.75 0.00 0.00 0.00
Mentha aquatica/arvensis seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.25 0.00 0.00 0.00
Poa nemoralis/palustris/(compressa) seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 1.00 0.00 0.00 0.00 0.00
Poa cf. nemoralis/palustris/(compressa) seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Poa nemoralis/palustris/(compressa) seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.88 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
density 0.00 0.00 0.00 0.00 0.00 5.88 0.00 0.00 2.00 0.00 5.00 0.00 0.00 5.00 4.76 5.88 0.00 0.00 4.44 0.00 0.00 3.33 4.44 3.33 13.33 25.00 2.00 3.33 6.67 0.00 1.00 0.00 10.00 26.67 0.00 7.89 6.67 2.50 0.00 0.00 0.00 3.33 0.00 0.00 1.00 5.00 0.00 0.00 0.00
number of taxa 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 1.00 0.00 1.00 0.00 0.00 1.00 1.00 1.00 0.00 0.00 2.00 0.00 0.00 1.00 2.00 1.00 1.00 2.00 1.00 1.00 1.00 0.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 1.00 0.00 0.00 0.00 1.00 0.00 0.00 1.00 2.00 0.00 0.00 0.00
riparian woodland and carr plants
Alnus cf. glutinosa seed/fruit uncharred 8.00 0.00 0.91 0.00 2.38 2.94 0.00 0.00 21.00 13.33 15.00 2.86 0.00 5.00 0.00 0.00 30.00 4.00 4.44 12.50 25.00 0.00 2.22 0.00 20.00 6.25 2.00 0.00 6.67 0.00 2.00 0.00 3.33 6.67 4.00 0.00 10.00 0.00 0.00 0.00 0.00 6.67 4.00 0.00 1.00 0.00 0.00 0.00 1.00
Alnus spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Alnus spec. bract uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Alnus spec. cone (female) uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.86 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.54 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Alnus spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Circaea lutetiana seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Circaea spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.86 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.33 0.00
Clematis vitalba seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 2.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Frangula alnus seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Frangula alnus seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00






site: 6252 ZGRI profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile
0.50 0.17 2.20 0.12 0.42 0.34 0.50 0.10 1.00 0.15 0.20 0.35 0.30 0.20 0.21 0.17 0.10 0.50 0.45 0.08 0.20 0.30 0.45 0.30 0.15 0.16 0.50 0.60 0.15 0.20 1.00 0.60 0.30 0.15 0.50 0.38 0.30 0.40 0.65 0.15 0.60 0.30 0.50 0.40 1.00 0.80 0.40 0.75 1.00
M1 M2 M1 M3 M1 M1 M1 M1 MO1 MO1 MO2 MO1 MO1 MO1 MO1 M2 MO1 O1 SO, O1 OL O2 O2 O1 O2S L2 O1 O1 O1 O2 O2 O1 L1 MO2 MO2 MO2 MO2, O1, L1O1 S OSLM O1 OS L1 L1 OSLM L1 SO OSLM OSLM OSLM
U1 U1 U1 U1 U1 U1 U1 U1 U2 U2 U2 U2 U2 U2 U2 U2 U2 U3 U3 U3 U3 U3 U3 U3 U3 U3 U3 U3 U3 U3 U3 U3 U4 U4 U4 U4, U5 U4? U4? U4? U5 U5 U5 U5 U5 U5 U5 U5 U5 U5
46_1 46_2 74_1 74_2 88_1 88_2 96_1 96_2 46_3 46_4 46_5 68_4 74_3 74_4 88_3 96_3 96_4 46_6 46_7-8 46_9 46_10 68_5 68_6 74_5 74_6 74_7_1 88_4 98_4 98_5 96_5 96_6 96_7 46_11 46_12 68_7 96_8 74_7_2 88_5 98_6 74_8 74_9_1 74_9_2 73_1 88_6 88_7 88_8 98_7 98_8 98_9






Prunus padus seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 2.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Rubus caesius seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.22 0.00 0.00 6.67 0.00 0.00 6.67 0.00 0.00 1.67 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00 0.00 0.00 1.00 2.50 0.00 0.00 0.00
Rumex sanguineus flower uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Rumex cf. sanguineus flower uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Salix spec. capsule uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Solanum dulcamara seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
density 8.00 0.00 0.91 0.00 2.38 2.94 0.00 0.00 23.00 13.33 20.00 8.57 3.33 5.00 0.00 0.00 30.00 6.00 6.67 12.50 25.00 6.67 2.22 0.00 26.67 6.25 2.00 1.67 13.33 5.00 3.00 3.33 6.67 6.67 4.00 0.00 10.00 5.00 1.54 0.00 1.67 6.67 4.00 0.00 2.00 2.50 0.00 1.33 1.00
number of taxa 1.00 0.00 1.00 0.00 1.00 1.00 0.00 0.00 3.00 1.00 2.00 2.00 1.00 1.00 0.00 0.00 1.00 2.00 2.00 1.00 1.00 1.00 1.00 0.00 2.00 1.00 1.00 1.00 2.00 1.00 2.00 2.00 2.00 1.00 1.00 0.00 1.00 2.00 1.00 0.00 1.00 1.00 1.00 0.00 2.00 1.00 0.00 1.00 1.00
woodland plants
Abies alba seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00 0.00 3.00 0.00 3.33 6.67 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.25 0.00 0.00 0.00
Abies alba leaf charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 5.00 0.00 3.33 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.63 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Abies alba leaf uncharred 10.00 11.76 10.91 16.67 64.29 144.12 2.00 0.00 353.00 1153.33 705.00 851.43 116.67 155.00 523.81 23.53 30.00 1396.00 933.33 1525.00 315.00 453.33 695.56 313.33 53.33 37.50 518.00 801.67 1860.00 165.00 760.00 1701.67 350.00 260.00 202.00 92.11 353.33 877.50 258.46 153.33 8.33 266.67 8.00 747.50 337.00 695.00 30.00 9.33 17.00
Abies alba leaf semi-charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Acer spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Acer spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ajuga reptans seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Betula pendula/pubescens seed/fruit uncharred 6.00 23.53 0.45 58.33 4.76 0.00 2.00 10.00 4.00 13.33 5.00 2.86 6.67 0.00 4.76 29.41 10.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 5.00 1.00 0.00 0.00 20.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 0.00 0.00 0.00 0.00 0.00
Betula pendula/pubescens fruit whole uncharred 0.00 5.88 0.00 0.00 0.00 0.00 0.00 0.00 3.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Betula pendula/pubescens bract uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Betula pendula/pubescens seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fagaceae pericarp uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.50 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ilex aquifolium seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 1.00 0.00 0.00 0.00 0.00
Ilex aquifolium leaf uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Lamium galeobdolon s.l. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Milium effusum flower uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Milium effusum flower uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Moehringia trinervia seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 2.94 0.00 0.00 1.00 13.33 0.00 0.00 3.33 0.00 4.76 0.00 0.00 2.00 0.00 0.00 0.00 3.33 95.56 0.00 6.67 18.75 2.00 75.00 13.33 0.00 1.00 3.33 0.00 13.33 2.00 2.63 3.33 5.00 1.54 0.00 0.00 3.33 0.00 0.00 2.00 2.50 0.00 0.00 0.00
Phyteuma spicatum seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Phyteuma cf. spicatum seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Picea abies leaf charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Picea abies leaf uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.00 0.00 0.00 2.86 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 3.33 2.22 0.00 0.00 6.25 2.00 1.67 0.00 0.00 0.00 5.00 0.00 0.00 0.00 0.00 10.00 0.00 1.54 0.00 0.00 6.67 0.00 2.50 4.00 1.25 0.00 0.00 0.00
cf. Picea abies seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Picea abies leaf uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Picea spec. leaf uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sanicula europaea seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Scrophularia nodosa/umbrosa seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Stachys sylvatica seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Stellaria cf. holostea seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Taxus baccata leaf charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Taxus baccata leaf uncharred 0.00 0.00 0.00 0.00 2.38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.00 13.33 50.00 0.00 0.00 2.22 0.00 6.67 6.25 4.00 0.00 6.67 0.00 4.00 1.67 3.33 0.00 4.00 0.00 0.00 0.00 1.54 0.00 0.00 6.67 0.00 2.50 2.00 6.25 0.00 0.00 1.00
cf. Taxus baccata leaf uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Tilia cf. cordata seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Tilia platyphyllos seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Tilia spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.76 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Tilia spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ulmus glabra seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Viscum album s.l. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Viscum album s.l. leaf uncharred 0.00 0.00 0.00 0.00 2.38 2.94 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 9.52 0.00 0.00 20.00 6.67 0.00 0.00 3.33 4.44 0.00 0.00 0.00 0.00 13.33 73.33 5.00 1.00 20.00 6.67 0.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00 0.00 0.00 5.00 4.00 31.25 5.00 0.00 0.00
density 16.00 41.18 11.36 75.00 73.81 150.00 4.00 10.00 367.00 1186.67 715.00 857.14 133.33 165.00 547.62 52.94 40.00 1438.00 953.33 1587.50 320.00 463.33 804.44 316.67 80.00 68.75 534.00 895.00 1953.33 175.00 771.00 1731.67 366.67 300.00 214.00 97.37 370.00 890.00 263.08 160.00 8.33 283.33 8.00 762.50 350.00 737.50 35.00 9.33 18.00
number of taxa 2.00 2.00 2.00 2.00 4.00 3.00 2.00 1.00 4.00 3.00 2.00 3.00 3.00 2.00 5.00 2.00 2.00 6.00 3.00 3.00 2.00 4.00 6.00 2.00 5.00 4.00 6.00 5.00 4.00 3.00 6.00 5.00 4.00 3.00 5.00 2.00 3.00 4.00 4.00 2.00 1.00 4.00 1.00 6.00 6.00 5.00 2.00 1.00 2.00
woodland clearing edge, hedge, bush plants
Agrimonia eupatoria seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 2.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 1.67 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Agrimonia procera seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Agrimonia cf. procera seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Agrimonia spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Agrimonia spec. flower uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.88 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Calamintha menthifolia seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Clinopodium vulgare seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 13.33 12.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00
Cornus sanguinea seed/fruit charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cornus sanguinea seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 6.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Cornus sanguinea seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Epilobium spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 5.00 2.86 0.00 0.00 0.00 0.00 0.00 4.00 2.22 0.00 0.00 3.33 6.67 0.00 13.33 87.50 0.00 0.00 6.67 0.00 0.00 0.00 3.33 0.00 0.00 5.26 10.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00
Fallopia dumetorum seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Galeopsis cf. tetrahit seed/fruit uncharred 0.00 0.00 0.00 0.00 2.38 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.22 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 4.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.25 0.00 0.00 0.00
cf. Galeopsis spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Humulus lupulus seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Hypericum perforatum seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 2.94 0.00 0.00 0.00 0.00 0.00 5.71 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.22 0.00 0.00 6.25 2.00 1.67 0.00 0.00 0.00 1.67 0.00 13.33 0.00 2.63 6.67 2.50 4.62 6.67 5.00 0.00 2.00 2.50 38.00 8.75 0.00 0.00 0.00
Hypericum cf. perforatum seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Lapsana communis seed/fruit charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Lapsana communis seed/fruit uncharred 0.00 5.88 0.00 0.00 4.76 2.94 0.00 0.00 1.00 0.00 5.00 2.86 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00 0.00 6.25 2.00 1.67 6.67 0.00 0.00 0.00 0.00 0.00 2.00 0.00 3.33 0.00 1.54 20.00 0.00 0.00 0.00 0.00 2.00 1.25 0.00 0.00 0.00
Origanum vulgare seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.00 5.71 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 140.00 2.22 10.00 40.00 100.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 26.67 0.00 0.00 10.00 2.50 1.54 0.00 0.00 0.00 0.00 0.00 3.00 87.50 0.00 0.00 3.00
Prunus spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Rosa spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Rubus spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.86 0.00 0.00 0.00 0.00 0.00 0.00 0.00 25.00 0.00 0.00 0.00 0.00 6.67 6.25 0.00 0.00 0.00 0.00 3.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00
Silene dioica seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Viburnum lantana seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Viburnum lantana seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Viburnum opulus seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Viburnum spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
density 0.00 5.88 0.00 0.00 7.14 5.88 0.00 0.00 3.00 0.00 25.00 20.00 6.67 0.00 0.00 5.88 0.00 10.00 4.44 25.00 5.00 153.33 13.33 10.00 80.00 225.00 4.00 5.00 26.67 0.00 3.00 3.33 6.67 40.00 8.00 7.89 36.67 7.50 7.69 26.67 5.00 0.00 4.00 2.50 45.00 98.75 0.00 0.00 3.00
number of taxa 16 0.00 1.00 0.00 0.00 2.00 2.00 0.00 0.00 2.00 0.00 4.00 5.00 2.00 0.00 0.00 1.00 0.00 3.00 2.00 1.00 1.00 3.00 4.00 1.00 5.00 7.00 2.00 3.00 4.00 0.00 1.00 2.00 2.00 2.00 3.00 2.00 5.00 3.00 3.00 2.00 1.00 0.00 2.00 1.00 5.00 4.00 0.00 0.00 1.00
grassland plants
cf. Agrostis spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.86 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Gentiana cruciata seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Heracleum sphondylium seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Hypericum cf. maculatum seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Laserpitium siler seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 13.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Leucanthemum cf. vulgare agg. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Medicago lupulina fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 0.00 1.25 0.00 0.00 0.00
Poa pratensis/trivialis seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 5.00 4.76 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 3.33 6.67 12.50 2.00 1.67 0.00 5.00 0.00 0.00 0.00 6.67 0.00 10.53 3.33 0.00 3.08 0.00 0.00 0.00 0.00 0.00 2.00 3.75 0.00 0.00 1.00
Poa cf. pratensis/trivialis seed/fruit uncharred 0.00 0.00 0.00 0.00 2.38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Poa pratensis/trivialis seed/fruit charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Poa pratensis/trivialis seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Prunella vulgaris seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 13.33 18.75 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 2.63 0.00 2.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Prunella cf. vulgaris seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Rumex acetosa seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Rumex acetosella agg. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Rumex acetosella agg. flower uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Silene vulgaris seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Taraxacum officinale agg. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Trifolium spec. seed/fruit charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Trifolium spec. flower uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Trifolium spec. fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
density 0.00 0.00 0.00 0.00 2.38 0.00 0.00 0.00 1.00 0.00 0.00 2.86 0.00 5.00 4.76 0.00 10.00 0.00 0.00 0.00 0.00 3.33 0.00 3.33 20.00 31.25 2.00 1.67 0.00 5.00 0.00 0.00 0.00 13.33 4.00 13.16 3.33 2.50 3.08 13.33 0.00 0.00 0.00 2.50 2.00 5.00 0.00 0.00 1.00
number of taxa 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 1.00 0.00 0.00 1.00 0.00 1.00 1.00 0.00 1.00 0.00 0.00 0.00 0.00 1.00 0.00 1.00 2.00 2.00 1.00 1.00 0.00 1.00 0.00 0.00 0.00 2.00 1.00 2.00 1.00 1.00 1.00 1.00 0.00 0.00 0.00 1.00 1.00 2.00 0.00 0.00 1.00
winter crop annual and flax weeds
Agrostemma githago seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Aphanes arvensis seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Camelina spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 1.25 0.00 0.00 0.00
Fallopia convolvulus seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Silene cretica seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.25 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 2.00 2.63 0.00 0.00 1.54 0.00 0.00 0.00 0.00 2.50 113.00 2.50 0.00 0.00 0.00
Silene cf. cretica seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Valerianella dentata seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Valerianella locusta seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Vicia hirsuta/tetrasperma seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.25 0.00 0.00 0.00
Viola tricolor agg. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
density 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.22 0.00 5.00 0.00 0.00 0.00 6.67 6.25 0.00 0.00 0.00 0.00 0.00 1.67 6.67 0.00 2.00 2.63 0.00 0.00 1.54 0.00 0.00 0.00 0.00 2.50 114.00 5.00 0.00 0.00 0.00
number of taxa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 1.00 0.00 0.00 0.00 1.00 1.00 0.00 0.00 0.00 0.00 0.00 1.00 2.00 0.00 1.00 1.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 1.00 2.00 3.00 0.00 0.00 0.00
site: 6252 ZGRI profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile
0.50 0.17 2.20 0.12 0.42 0.34 0.50 0.10 1.00 0.15 0.20 0.35 0.30 0.20 0.21 0.17 0.10 0.50 0.45 0.08 0.20 0.30 0.45 0.30 0.15 0.16 0.50 0.60 0.15 0.20 1.00 0.60 0.30 0.15 0.50 0.38 0.30 0.40 0.65 0.15 0.60 0.30 0.50 0.40 1.00 0.80 0.40 0.75 1.00
M1 M2 M1 M3 M1 M1 M1 M1 MO1 MO1 MO2 MO1 MO1 MO1 MO1 M2 MO1 O1 SO, O1 OL O2 O2 O1 O2S L2 O1 O1 O1 O2 O2 O1 L1 MO2 MO2 MO2 MO2, O1, L1O1 S OSLM O1 OS L1 L1 OSLM L1 SO OSLM OSLM OSLM
U1 U1 U1 U1 U1 U1 U1 U1 U2 U2 U2 U2 U2 U2 U2 U2 U2 U3 U3 U3 U3 U3 U3 U3 U3 U3 U3 U3 U3 U3 U3 U3 U4 U4 U4 U4, U5 U4? U4? U4? U5 U5 U5 U5 U5 U5 U5 U5 U5 U5
46_1 46_2 74_1 74_2 88_1 88_2 96_1 96_2 46_3 46_4 46_5 68_4 74_3 74_4 88_3 96_3 96_4 46_6 46_7-8 46_9 46_10 68_5 68_6 74_5 74_6 74_7_1 88_4 98_4 98_5 96_5 96_6 96_7 46_11 46_12 68_7 96_8 74_7_2 88_5 98_6 74_8 74_9_1 74_9_2 73_1 88_6 88_7 88_8 98_7 98_8 98_9






summer crop annual weeds, annual ruderals
Aethusa cynapium seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Arenaria serpyllifolia agg. seed/fruit uncharred 0.00 0.00 0.00 0.00 4.76 0.00 0.00 0.00 2.00 0.00 5.00 0.00 0.00 0.00 4.76 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 6.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 8.00 0.00 0.00 2.50 0.00 0.00 1.67 0.00 0.00 5.00 2.00 2.50 5.00 0.00 1.00
Arenaria serpyllifolia agg. capsule uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Brassica rapa seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 5.00 0.00 3.33 0.00 0.00 0.00 0.00 2.00 2.22 12.50 0.00 0.00 6.67 3.33 20.00 0.00 0.00 1.67 0.00 10.00 4.00 5.00 0.00 0.00 0.00 0.00 6.67 0.00 1.54 0.00 1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Brassica/Sinapis seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.76 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.63 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00
Chenopodium album seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 2.63 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Chenopodium cf. album seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Chenopodium polyspermum seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Chenopodium cf. polyspermum seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Chenopodiaceae seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Chenopodium spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Digitaria cf. ischaemum seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Digitaria ischaemum seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Digitaria sanguinalis flower uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Digitaria spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Digitaria spec. seed/fruit charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Digitaria spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Echinochloa crus-galli seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Polygonum aviculare agg. seed/fruit charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Polygonum aviculare agg. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 6.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Polygonum cf. aviculare agg. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Polygonum persicaria seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 40.00 87.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 96.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.25 0.00 0.00 1.00
Polygonum cf. persicaria seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Solanum nigrum seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sonchus asper seed/fruit uncharred 0.00 0.00 0.00 8.33 0.00 5.88 0.00 0.00 3.00 0.00 0.00 5.71 0.00 0.00 9.52 5.88 0.00 2.00 0.00 0.00 5.00 3.33 2.22 0.00 0.00 0.00 4.00 0.00 13.33 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00
Sonchus oleraceus seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 2.63 0.00 2.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sonchus asper/oleraceus seed/fruit uncharred 0.00 0.00 0.00 0.00 2.38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Stachys arvensis seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Stellaria media agg. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00
Verbena officinalis seed/fruit charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Verbena officinalis seed/fruit uncharred 0.00 0.00 0.00 0.00 2.38 5.88 0.00 0.00 1.00 0.00 5.00 0.00 3.33 0.00 0.00 5.88 0.00 0.00 0.00 0.00 10.00 3.33 4.44 3.33 26.67 12.50 0.00 1.67 0.00 0.00 0.00 0.00 0.00 6.67 96.00 2.63 3.33 0.00 0.00 6.67 1.67 0.00 2.00 0.00 1.00 1.25 2.50 0.00 1.00
density 0.00 0.00 0.00 8.33 9.52 11.76 0.00 0.00 8.00 6.67 15.00 5.71 6.67 0.00 19.05 11.76 0.00 8.00 2.22 12.50 20.00 13.33 13.33 6.67 113.33 112.50 4.00 6.67 13.33 15.00 6.00 5.00 3.33 13.33 206.00 10.53 23.33 5.00 1.54 13.33 5.00 0.00 8.00 5.00 4.00 5.00 7.50 0.00 3.00
number of taxa 0.00 0.00 0.00 1.00 3.00 2.00 0.00 0.00 4.00 1.00 3.00 1.00 2.00 0.00 3.00 2.00 0.00 4.00 1.00 1.00 2.00 3.00 3.00 2.00 7.00 4.00 1.00 3.00 1.00 2.00 3.00 1.00 1.00 2.00 5.00 4.00 5.00 2.00 1.00 2.00 3.00 0.00 3.00 1.00 3.00 3.00 2.00 0.00 3.00
perennial ruderals
Arctium spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.22 0.00 0.00 3.33 8.89 3.33 6.67 12.50 6.00 3.33 0.00 10.00 0.00 0.00 0.00 6.67 8.00 0.00 6.67 10.00 16.92 0.00 0.00 0.00 0.00 5.00 0.00 5.00 12.50 14.67 12.00
Arctium spec. flower charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Arctium spec. flower uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Arctium spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Artemisia vulgaris seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 2.94 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.63 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Artemisia vulgaris seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Daucus carota seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 0.00 0.00 0.00 0.00 0.00
Dipsacus fullonum/pilosus seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Galium cf. aparine seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Lamium maculatum seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Malva sylvestris seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Nepeta cataria seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Rumex conglomeratus flower uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Rumex crispus flower uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Verbascum spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
density 0.00 0.00 0.00 0.00 0.00 2.94 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.22 0.00 0.00 3.33 8.89 6.67 6.67 12.50 6.00 5.00 0.00 10.00 0.00 0.00 0.00 20.00 8.00 2.63 13.33 10.00 16.92 0.00 0.00 0.00 0.00 7.50 0.00 5.00 12.50 14.67 12.00
number of taxa 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 1.00 1.00 2.00 1.00 1.00 1.00 2.00 0.00 1.00 0.00 0.00 0.00 3.00 1.00 1.00 3.00 1.00 1.00 0.00 0.00 0.00 0.00 2.00 0.00 1.00 1.00 1.00 1.00
cereals
Hordeum vulgare undiff. seed/fruit charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Hordeum vulgare undiff. rachis segment charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Hordeum vulgare undiff. rachis segment uncharred 0.00 29.41 0.00 0.00 9.52 5.88 0.00 0.00 65.00 20.00 15.00 5.71 36.67 30.00 14.29 0.00 0.00 6.00 0.00 37.50 5.00 0.00 2.22 0.00 6.67 18.75 6.00 6.67 20.00 0.00 5.00 0.00 3.33 26.67 0.00 0.00 6.67 2.50 0.00 26.67 0.00 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00
Hordeum vulgare undiff. rachis segment semi-charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Triticum dicoccum seed/fruit charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Triticum dicoccum glume basis charred 0.00 0.00 0.00 0.00 0.00 5.88 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 0.00 0.00 0.00
Triticum dicoccum glume basis uncharred 0.00 88.24 0.00 33.33 33.33 88.24 0.00 0.00 154.00 73.33 155.00 102.86 223.33 155.00 252.38 0.00 90.00 650.00 33.33 25.00 370.00 6.67 160.00 360.00 20.00 162.50 440.00 420.00 573.33 0.00 1154.00 6.67 1356.67 946.67 248.00 252.63 833.33 580.00 143.08 300.00 3.33 10.00 6.00 52.50 139.00 527.50 10.00 0.00 2.00
Triticum dicoccum glume basis semi-charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Triticum monococcum glume basis charred 0.00 0.00 0.00 0.00 0.00 5.88 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Triticum monococcum glume basis uncharred 0.00 0.00 0.00 0.00 0.00 11.76 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 20.00 0.00 0.00 0.00 0.00 5.00 1.00 0.00 0.00 0.00 0.00 5.26 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00
Triticum cf. monococcum glume basis uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 7.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Triticum aestivum s.l./durum/turgidum seed/fruit charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Triticum durum/turgidum rachis segment charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.25 0.00 0.00 0.00
Triticum durum/turgidum rachis segment uncharred 0.00 0.00 0.00 16.67 11.90 29.41 0.00 0.00 145.00 66.67 5.00 5.71 73.33 15.00 14.29 0.00 30.00 26.00 131.11 87.50 35.00 0.00 0.00 126.67 0.00 0.00 100.00 128.33 26.67 0.00 233.00 13.33 156.67 193.33 0.00 102.63 36.67 95.00 7.69 100.00 0.00 0.00 0.00 0.00 2.00 192.50 0.00 0.00 0.00
Triticum durum/turgidum rachis segment semi-charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Triticum monococcum/dicoccum glume base charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Triticum monococcum/dicoccum glume base uncharred 0.00 0.00 0.00 0.00 0.00 152.94 0.00 0.00 0.00 53.33 0.00 0.00 0.00 0.00 0.00 0.00 90.00 0.00 164.44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 120.00 0.00 600.00 15.00 0.00 11.67 0.00 13.33 0.00 0.00 200.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 44.00 203.75 0.00 0.00 2.00
Cerealia indet. bran uncharred 12.00 170.59 9.09 58.33 735.71 100.00 0.00 0.00 1170.00 1040.00 3190.00 651.43 1153.33 2760.00 5857.14 58.82 30.00 3312.00 493.33 11175.00 1310.00 100.00 1595.56 5406.67 80.00 1243.75 3390.00 6256.67 27033.33 55.00 451.00 573.33 3383.33 2373.33 536.00 15.79 2790.00 15.00 5733.85 1100.00 380.00 126.67 4.00 45.00 198.00 6255.00 755.00 2.67 1651.00
Cerealia indet. seed/fruit charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.54 0.00 0.00 0.00 0.00 0.00 0.00 1.25 0.00 0.00 0.00
Cerealia indet. chaff charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.89 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cerealia indet. chaff uncharred 0.00 117.65 0.00 41.67 45.24 0.00 2.00 0.00 210.00 60.00 160.00 85.71 180.00 130.00 109.52 29.41 40.00 764.00 0.00 225.00 60.00 0.00 0.00 13.33 0.00 75.00 80.00 386.67 566.67 20.00 436.00 28.33 420.00 333.33 6.00 0.00 320.00 232.50 3.08 173.33 0.00 10.00 4.00 0.00 2.00 2.50 0.00 0.00 60.00
Cerealia indet. chaff semi-charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
Triticum spec. seed/fruit charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Triticum spec. chaff charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 4.00 2.63 3.33 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Triticum spec. chaff uncharred 0.00 129.41 0.45 0.00 2.38 0.00 0.00 0.00 161.00 86.67 280.00 111.43 73.33 0.00 457.14 0.00 0.00 296.00 302.22 712.50 165.00 0.00 108.89 203.33 0.00 125.00 2.00 150.00 1053.33 0.00 0.00 3.33 660.00 533.33 112.00 0.00 353.33 2.50 0.00 106.67 6.67 0.00 0.00 0.00 0.00 413.75 7.50 0.00 2.00
Triticum spec. chaff semi-charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
density cereals all 12.00 535.29 9.55 150.00 838.10 400.00 2.00 0.00 1905.00 1400.00 3805.00 962.86 1743.33 3090.00 6704.76 88.24 290.00 5054.00 1124.44 12275.00 1945.00 106.67 1866.67 6110.00 126.67 1631.25 4138.00 7348.33 29873.33 95.00 2286.00 636.67 5980.00 4420.00 906.00 386.84 4543.33 940.00 5889.23 1806.67 391.67 146.67 14.00 100.00 389.00 7605.00 777.50 2.67 1718.00
density cereals determined with bran 12.00 288.24 9.09 108.33 790.48 400.00 0.00 0.00 1534.00 1253.33 3365.00 765.71 1486.67 2960.00 6138.10 58.82 250.00 3994.00 822.22 11325.00 1720.00 106.67 1757.78 5893.33 126.67 1431.25 4056.00 6811.67 28253.33 75.00 1846.00 605.00 4900.00 3553.33 784.00 376.32 3866.67 705.00 5884.62 1526.67 383.33 136.67 10.00 100.00 387.00 7187.50 770.00 2.67 1655.00
number of taxa 1.00 2.00 1.00 2.00 3.00 4.00 1.00 0.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 1.00 3.00 3.00 2.00 3.00 3.00 1.00 2.00 2.00 3.00 2.00 3.00 3.00 3.00 1.00 4.00 2.00 3.00 3.00 1.00 3.00 3.00 4.00 2.00 3.00 1.00 1.00 1.00 1.00 3.00 2.00 2.00 1.00 1.00
pulses
Fabaceae pod uncharred 0.00 0.00 0.00 2.94 0.00 0.00 10.00 0.00 0.00 17.78 0.00 0.00 2.00 13.33 4.00 2.63 30.00 2.50
Fabaceae pod semi-charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fabaceae pod stem uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Fabaceae pod uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pisum sativum seed/fruit charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pisum sativum seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Pisum sativum seed/fruit charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
density 0.00 0.00 0.00 0.00 0.00 2.94 0.00 0.00 0.00 0.00 0.00 0.00 10.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 17.78 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 13.33 0.00 0.00 4.00 2.63 30.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 0.00 0.00 0.00 0.00 0.00
number of taxa 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00 0.00 0.00 1.00 1.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00
oil- and fibre-plants
Linum usitatissimum seed/fruit charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 2.50 0.00 0.00
Linum usitatissimum seed/fruit uncharred 2.00 29.41 0.00 25.00 147.62 626.47 6.00 20.00 126.00 333.33 530.00 345.71 233.33 460.00 1742.86 41.18 20.00 948.00 1151.11 1162.50 360.00 723.33 973.33 1190.00 333.33 462.50 956.00 1860.00 5693.33 260.00 1165.00 1020.00 1360.00 1160.00 640.00 594.74 1273.33 1297.50 801.54 1386.67 186.67 23.33 56.00 532.50 1201.00 1595.00 337.50 2.67 662.00
Linum usitatissimum seed/fruit semi-charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 6.67 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.54 0.00 0.00 0.00 0.00 0.00 0.00 1.25 0.00 0.00 0.00
Linum usitatissimum capsule uncharred 0.00 11.76 0.00 0.00 11.90 67.65 0.00 0.00 31.00 40.00 5.00 14.29 3.33 5.00 23.81 0.00 0.00 78.00 28.89 37.50 10.00 3.33 13.33 10.00 0.00 6.25 66.00 146.67 440.00 0.00 0.00 0.00 166.67 66.67 0.00 0.00 20.00 0.00 9.23 113.33 3.33 10.00 0.00 7.50 9.00 11.25 0.00 0.00 1.00
Linum usitatissimum capsule semi-charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Linum usitatissimum capsule frg. charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Linum usitatissimum capsule frg. uncharred 0.00 35.29 0.45 8.33 52.38 176.47 0.00 0.00 154.00 126.67 180.00 242.86 113.33 300.00 495.24 52.94 80.00 306.00 333.33 337.50 125.00 20.00 371.11 280.00 93.33 112.50 390.00 251.67 1673.33 135.00 1533.00 680.00 803.33 453.33 148.00 586.84 920.00 837.50 78.46 746.67 76.67 6.67 14.00 155.00 105.00 273.75 2.50 0.00 102.00
Linum usitatissimum capsule frg. semi-charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.76 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Papaver somniferum seed/fruit charred 0.00 0.00 0.00 0.00 0.00 2.94 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Papaver somniferum seed/fruit uncharred 36.00 288.24 18.18 108.33 750.00 2123.53 2.00 10.00 1230.00 1393.33 7640.00 2488.57 2960.00 3805.00 8376.19 164.71 520.00 15800.00 11131.11 25475.00 8865.00 3483.33 6422.22 12683.33 4300.00 9587.50 4204.00 13028.33 27473.33 990.00 4441.00 2228.33 6483.33 6573.33 4196.00 1381.58 9406.67 5672.50 15403.08 3506.67 826.67 510.00 304.00 2087.50 3588.00 9201.25 3070.00 0.00 5732.00
Papaver somniferum capsule uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 2.50 0.00 0.00
density 38.00 364.71 18.64 141.67 961.90 2997.06 8.00 30.00 1542.00 1900.00 8355.00 3091.43 3310.00 4570.00 10642.86 258.82 620.00 17132.00 12644.44 27012.50 9360.00 4230.00 7780.00 14163.33 4733.33 10168.75 5616.00 15290.00 35306.67 1390.00 7140.00 3928.33 8813.33 8253.33 4984.00 2563.16 11620.00 7810.00 16293.85 5753.33 1096.67 550.00 374.00 2782.50 4903.00 11082.50 3415.00 2.67 6497.00
number of taxa 2.00 4.00 2.00 3.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 1.00 2.00
potentially cultivated plants
Anethum graveolens seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Anethum graveolens seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Apium graveolens seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
density 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
number of taxa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
gathered fruits/berries/nuts/acorns
Corylus avellana seed/fruit charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.54 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Corylus avellana seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 2.94 0.00 0.00 0.00 0.00 0.00 2.86 6.67 0.00 4.76 5.88 0.00 0.00 0.00 12.50 0.00 6.67 0.00 3.33 26.67 25.00 4.00 20.00 20.00 0.00 0.00 1.67 0.00 6.67 4.00 0.00 26.67 17.50 30.77 6.67 0.00 3.33 2.00 7.50 1.00 18.75 0.00 1.33 9.00
cf. Corylus avellana seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Crataegus monogyna agg. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
site: 6252 ZGRI profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile
0.50 0.17 2.20 0.12 0.42 0.34 0.50 0.10 1.00 0.15 0.20 0.35 0.30 0.20 0.21 0.17 0.10 0.50 0.45 0.08 0.20 0.30 0.45 0.30 0.15 0.16 0.50 0.60 0.15 0.20 1.00 0.60 0.30 0.15 0.50 0.38 0.30 0.40 0.65 0.15 0.60 0.30 0.50 0.40 1.00 0.80 0.40 0.75 1.00
M1 M2 M1 M3 M1 M1 M1 M1 MO1 MO1 MO2 MO1 MO1 MO1 MO1 M2 MO1 O1 SO, O1 OL O2 O2 O1 O2S L2 O1 O1 O1 O2 O2 O1 L1 MO2 MO2 MO2 MO2, O1, L1O1 S OSLM O1 OS L1 L1 OSLM L1 SO OSLM OSLM OSLM
U1 U1 U1 U1 U1 U1 U1 U1 U2 U2 U2 U2 U2 U2 U2 U2 U2 U3 U3 U3 U3 U3 U3 U3 U3 U3 U3 U3 U3 U3 U3 U3 U4 U4 U4 U4, U5 U4? U4? U4? U5 U5 U5 U5 U5 U5 U5 U5 U5 U5
46_1 46_2 74_1 74_2 88_1 88_2 96_1 96_2 46_3 46_4 46_5 68_4 74_3 74_4 88_3 96_3 96_4 46_6 46_7-8 46_9 46_10 68_5 68_6 74_5 74_6 74_7_1 88_4 98_4 98_5 96_5 96_6 96_7 46_11 46_12 68_7 96_8 74_7_2 88_5 98_6 74_8 74_9_1 74_9_2 73_1 88_6 88_7 88_8 98_7 98_8 98_9






Crataegus spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Crataegus spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fagus sylvatica cupule uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fagus sylvatica pericarp uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00 6.67 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 11.25 0.00 0.00 1.00
Fragaria vesca seed/fruit uncharred 2.00 129.41 0.45 108.33 16.67 176.47 2.00 10.00 45.00 100.00 10.00 102.86 213.33 70.00 214.29 23.53 150.00 180.00 208.89 300.00 60.00 350.00 680.00 13.33 140.00 262.50 140.00 451.67 833.33 100.00 321.00 365.00 10.00 20.00 166.00 50.00 0.00 227.50 370.77 6.67 6.67 16.67 14.00 10.00 88.00 637.50 55.00 0.00 50.00
Malus sylvestris seed/fruit charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Malus sylvestris seed/fruit uncharred 0.00 0.00 0.00 0.00 7.14 11.76 0.00 0.00 4.00 13.33 30.00 11.43 3.33 5.00 95.24 0.00 20.00 18.00 15.56 25.00 20.00 30.00 26.67 43.33 13.33 18.75 42.00 31.67 66.67 15.00 4.00 18.33 20.00 6.67 16.00 2.63 46.67 32.50 55.38 53.33 6.67 0.00 2.00 5.00 8.00 90.00 17.50 30.67 25.00
Malus sylvestris fruit flesh uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Malus/Pyrus seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Malus/Pyrus flower uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 0.00 0.00 0.00 0.00 0.00
Malus/Pyrus pericarp uncharred 0.00 0.00 0.45 8.33 11.90 32.35 0.00 0.00 11.00 13.33 55.00 45.71 10.00 10.00 76.19 0.00 20.00 108.00 73.33 75.00 25.00 60.00 37.78 156.67 13.33 12.50 144.00 130.00 486.67 60.00 72.00 51.67 36.67 6.67 8.00 50.00 60.00 80.00 96.92 6.67 8.33 3.33 4.00 12.50 3.00 140.00 55.00 85.33 98.00
Malus/Pyrus stem uncharred 0.00 0.00 0.00 0.00 2.38 0.00 0.00 0.00 0.00 13.33 10.00 5.71 0.00 0.00 0.00 0.00 10.00 0.00 0.00 0.00 0.00 0.00 6.67 3.33 0.00 6.25 2.00 11.67 6.67 10.00 0.00 0.00 0.00 6.67 2.00 0.00 3.33 0.00 10.77 0.00 0.00 0.00 0.00 0.00 0.00 7.50 10.00 8.00 21.00
cf. Malus/Pyrus stem uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Malus/Pyrus stem charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Malus/Pyrus stem charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Pyrus spec. fruit flesh uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Physalis alkekengi seed/fruit charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Physalis alkekengi seed/fruit uncharred 0.00 0.00 0.45 0.00 0.00 2.94 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 6.67 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 1.67 3.33 6.67 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.25 0.00 0.00 0.00
Prunus cf. spinosa seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Prunus spinosa seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 10.00 0.00 0.00 1.00
Quercus spec. seed/fruit charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Quercus spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.22 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
Quercus spec. cotyledon charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Quercus spec. pericarp charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Quercus spec. pericarp uncharred 0.00 0.00 0.00 0.00 0.00 2.94 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.00 0.00 0.00 0.00 0.00 20.00 6.67 6.67 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 7.50 3.08 0.00 0.00 3.33 0.00 2.50 1.00 18.75 0.00 0.00 0.00
Rosa spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 5.71 0.00 0.00 14.29 0.00 0.00 2.00 2.22 0.00 0.00 10.00 11.11 3.33 0.00 6.25 0.00 1.67 0.00 0.00 0.00 3.33 0.00 6.67 0.00 0.00 0.00 5.00 9.23 0.00 0.00 0.00 0.00 7.50 4.00 11.25 5.00 0.00 8.00
Rubus fruticosus agg. seed/fruit charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Rubus fruticosus agg. seed/fruit uncharred 0.00 0.00 0.00 0.00 2.38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.76 5.88 0.00 6.00 0.00 0.00 10.00 16.67 4.44 0.00 6.67 12.50 0.00 0.00 0.00 65.00 3.00 3.33 0.00 0.00 4.00 150.00 3.33 5.00 1.54 0.00 0.00 0.00 6.00 0.00 1.00 11.25 2.50 0.00 1.00
Rubus fruticosus/idaeus seed/fruit uncharred 0.00 0.00 0.00 16.67 23.81 0.00 0.00 0.00 0.00 6.67 15.00 8.57 6.67 0.00 114.29 0.00 0.00 4.00 0.00 287.50 180.00 0.00 113.33 3.33 0.00 75.00 0.00 6.67 0.00 10.00 0.00 3.33 0.00 0.00 4.00 0.00 13.33 0.00 76.92 0.00 0.00 6.67 0.00 0.00 0.00 187.50 2.50 0.00 70.00
Rubus idaeus seed/fruit uncharred 0.00 0.00 0.00 0.00 16.67 288.24 2.00 20.00 0.00 26.67 50.00 42.86 40.00 5.00 171.43 5.88 40.00 8.00 515.56 700.00 420.00 203.33 164.44 10.00 126.67 162.50 120.00 63.33 20.00 85.00 321.00 721.67 6.67 13.33 98.00 878.95 180.00 120.00 169.23 20.00 1.67 6.67 12.00 37.50 181.00 432.50 2.50 0.00 74.00
Rubus idaeus seed/fruit semi-charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sambucus spec. seed/fruit charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sambucus spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 2.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Taxus baccata seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Vaccinium cf. myrtillus seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Vaccinium spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
density 2.00 129.41 1.36 133.33 80.95 517.65 4.00 30.00 61.00 186.67 180.00 225.71 286.67 90.00 695.24 41.18 240.00 328.00 815.56 1412.50 720.00 696.67 1053.33 240.00 333.33 581.25 476.00 725.00 1440.00 345.00 721.00 1171.67 80.00 80.00 308.00 1131.58 340.00 495.00 826.15 93.33 23.33 40.00 40.00 85.00 288.00 1577.50 150.00 125.33 359.00
number of taxa 1.00 1.00 3.00 3.00 4.00 6.00 2.00 2.00 3.00 5.00 4.00 5.00 5.00 3.00 6.00 4.00 3.00 6.00 4.00 4.00 5.00 9.00 8.00 5.00 6.00 6.00 5.00 6.00 5.00 4.00 4.00 8.00 5.00 7.00 7.00 4.00 6.00 7.00 7.00 4.00 3.00 5.00 5.00 6.00 8.00 10.00 5.00 2.00 9.00
various unassigned plants
cf. Alopecurus spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Anagallis/Lysimachia seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Anthriscus spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Apiaceae seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
Asteraceae seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
Asteraceae flower uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 4.76 0.00 0.00 0.00 0.00 12.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 10.00 0.00 1.54 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.33 1.00
Brassicaceae seed/fruit charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Brassicaceae seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.88 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Brassicaceae fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Bromus spec. seed/fruit charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Bromus spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Campanula rapunculoides/trachelium seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Campanula spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 13.33 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Campanula spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Campanulaceae seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cardamine spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Carex spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 2.38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 10.00 0.00 4.44 0.00 5.00 0.00 0.00 0.00 20.00 287.50 2.00 0.00 0.00 0.00 2.00 1.67 13.33 80.00 8.00 5.26 200.00 2.50 3.08 0.00 0.00 3.33 10.00 0.00 1.00 6.25 0.00 0.00 1.00
Caryophyllaceae seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cerastium spec. seed/fruit uncharred 0.00 0.00 0.45 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.86 6.67 5.00 0.00 0.00 0.00 4.00 0.00 25.00 5.00 0.00 4.44 6.67 13.33 25.00 2.00 0.00 13.33 0.00 1.00 0.00 3.33 20.00 4.00 2.63 10.00 5.00 1.54 13.33 1.67 0.00 2.00 10.00 125.00 62.50 2.50 0.00 4.00
cf. Cerastium spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cirsium/Carduus seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Cirsium/Carduus seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Crepis spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.50 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 3.33 2.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Crepis spec. seed/fruit semi-charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cyperaceae seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00
Euphrasia/Odontites seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fabaceae seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fragaria/Potentilla seed/fruit uncharred 0.00 5.88 0.00 0.00 4.76 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Galium spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Geum spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Hordeum spec. fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Hypericum hirsutum seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Hypericum spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Hypericum spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Juncus spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.44 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Lamiaceae seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Lamium spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Luzula spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Luzula spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Melica spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mentha spec. seed/fruit charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mentha spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 20.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.53 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Origanum/Mentha seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.00 0.00 3.33 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Origanum/Mentha seed/fruit semi-charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pinaceae seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Pinus spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Physalis/Solanum dulcamara seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Poa spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Poa spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00
Poaceae seed/fruit charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Poaceae seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.25 0.00 0.00 0.00 0.00 1.00 1.67 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 0.00 1.25 0.00 0.00 0.00
Poaceae fruit large charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Poaceae fruit large uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Poaceae node charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Poaceae chaff uncharred 0.00 0.00 0.00 0.00 2.38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.54 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf.  Poaceae seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.89 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Poaceae bran uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Poaceae fruit large uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Polygonaceae seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.50 0.00 0.00 0.00 0.00 0.00 6.25 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Polygonaceae flower uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Polygonaceae/Cyperaceae seed/fruit charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Polygonaceae/Cyperaceae seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Polygonum lapathifolium/persicaria seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Polygonum cf. minus/persicaria seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Polygonum spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 53.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00
Potentilla spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 0.00 0.00 0.00 0.00 0.00
Primula spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Primulaceae seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Primulaceae fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Rosaceae seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Rubiaceae seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00
Rumex conglomeratus/sanguineus seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Rumex conglomeratus/sanguineus flower uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Rumex spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 18.75 0.00 1.67 0.00 0.00 1.00 0.00 0.00 0.00 0.00 2.63 0.00 0.00 1.54 0.00 0.00 0.00 0.00 2.50 1.00 3.75 0.00 0.00 0.00
Rumex spec. flower uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Rumex spec. flower uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Scrophularia spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.63 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Scrophularia/Verbascum seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Senecio spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Silene spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Solanaceae seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Solanum spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Stachys spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
site: 6252 ZGRI profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile
0.50 0.17 2.20 0.12 0.42 0.34 0.50 0.10 1.00 0.15 0.20 0.35 0.30 0.20 0.21 0.17 0.10 0.50 0.45 0.08 0.20 0.30 0.45 0.30 0.15 0.16 0.50 0.60 0.15 0.20 1.00 0.60 0.30 0.15 0.50 0.38 0.30 0.40 0.65 0.15 0.60 0.30 0.50 0.40 1.00 0.80 0.40 0.75 1.00
M1 M2 M1 M3 M1 M1 M1 M1 MO1 MO1 MO2 MO1 MO1 MO1 MO1 M2 MO1 O1 SO, O1 OL O2 O2 O1 O2S L2 O1 O1 O1 O2 O2 O1 L1 MO2 MO2 MO2 MO2, O1, L1O1 S OSLM O1 OS L1 L1 OSLM L1 SO OSLM OSLM OSLM
U1 U1 U1 U1 U1 U1 U1 U1 U2 U2 U2 U2 U2 U2 U2 U2 U2 U3 U3 U3 U3 U3 U3 U3 U3 U3 U3 U3 U3 U3 U3 U3 U4 U4 U4 U4, U5 U4? U4? U4? U5 U5 U5 U5 U5 U5 U5 U5 U5 U5
46_1 46_2 74_1 74_2 88_1 88_2 96_1 96_2 46_3 46_4 46_5 68_4 74_3 74_4 88_3 96_3 96_4 46_6 46_7-8 46_9 46_10 68_5 68_6 74_5 74_6 74_7_1 88_4 98_4 98_5 96_5 96_6 96_7 46_11 46_12 68_7 96_8 74_7_2 88_5 98_6 74_8 74_9_1 74_9_2 73_1 88_6 88_7 88_8 98_7 98_8 98_9






Stellaria graminea/palustris seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Stellaria spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Teucrium spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Torilis spec. seed/fruit charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Torilis spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Vaccinium spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Viola spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
Viola spec. capsule uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cf. Viola spec. seed/fruit uncharred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
density 0.00 5.88 0.45 0.00 9.52 0.00 0.00 0.00 2.00 20.00 25.00 2.86 20.00 5.00 4.76 5.88 10.00 16.00 11.11 75.00 15.00 13.33 11.11 10.00 133.33 356.25 6.00 6.67 13.33 0.00 11.00 3.33 26.67 106.67 26.00 31.58 243.33 10.00 9.23 20.00 6.67 3.33 12.00 17.50 132.00 73.75 2.50 1.33 9.00
number of taxa 0.00 1.00 1.00 0.00 3.00 0.00 0.00 0.00 2.00 2.00 5.00 1.00 4.00 1.00 1.00 1.00 1.00 4.00 3.00 5.00 3.00 2.00 3.00 2.00 8.00 6.00 3.00 4.00 1.00 0.00 6.00 2.00 5.00 3.00 7.00 6.00 9.00 3.00 5.00 2.00 4.00 1.00 2.00 4.00 7.00 4.00 1.00 1.00 6.00
indeterminate plants
Indeterminata seed/fruit charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Indeterminata seed/fruit uncharred 4.00 94.12 1.36 0.00 0.00 0.00 0.00 0.00 14.00 46.67 50.00 14.29 13.33 10.00 0.00 0.00 0.00 10.00 0.00 50.00 15.00 0.00 0.00 6.67 0.00 43.75 0.00 86.67 53.33 0.00 0.00 0.00 56.67 33.33 10.00 0.00 140.00 0.00 6.15 53.33 5.00 30.00 0.00 0.00 0.00 0.00 2.50 0.00 2.00
Indeterminata AOV charred 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00 6.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 1.54 0.00 0.00 0.00 0.00 2.50 0.00 0.00 0.00 0.00 0.00
density 4.00 94.12 1.36 0.00 0.00 0.00 0.00 0.00 14.00 46.67 50.00 14.29 13.33 15.00 0.00 0.00 0.00 16.00 0.00 50.00 15.00 0.00 0.00 13.33 0.00 43.75 0.00 88.33 53.33 0.00 0.00 0.00 56.67 33.33 10.00 0.00 140.00 2.50 7.69 53.33 5.00 30.00 0.00 2.50 0.00 0.00 2.50 0.00 2.00
density total 3734.00 1488.24 931.82 833.33 2504.76 4688.24 1694.00 790.00 4011.00 5040.00 13370.00 5494.29 5863.33 8055.00 19404.76 1470.59 1540.00 24034.00 15595.56 42762.50 12535.00 5836.67 11653.33 20916.67 6220.00 13993.75 10934.00 24561.67 68753.33 2085.00 11139.00 7518.33 15800.00 13953.33 7590.00 5415.79 17530.00 10277.50 23341.54 7973.33 1625.00 1126.67 572.00 3777.50 6358.00 21333.75 4415.00 157.33 8635.00
number of taxa total 11.00 18.00 14.00 16.00 31.00 30.00 12.00 7.00 32.00 24.00 33.00 29.00 29.00 16.00 29.00 19.00 17.00 37.00 28.00 29.00 26.00 36.00 44.00 25.00 58.00 51.00 31.00 37.00 28.00 19.00 41.00 30.00 36.00 38.00 51.00 39.00 52.00 36.00 35.00 22.00 23.00 19.00 28.00 28.00 49.00 54.00 19.00 8.00 32.00
charred all density 0.00 0.00 0.00 0.00 0.00 14.71 0.00 0.00 1.00 0.00 5.00 0.00 3.33 10.00 0.00 0.00 0.00 6.00 0.00 25.00 0.00 0.00 0.00 6.67 6.67 6.25 0.00 3.33 6.67 0.00 5.00 0.00 0.00 0.00 4.00 13.16 3.33 5.00 4.62 0.00 3.33 0.00 2.00 2.50 0.00 10.00 2.50 0.00 0.00




Chara spec. oog uncharred
Chara spec. oogK uncharred




Myriophyllum cf. spicatum seed/fruit uncharred
Najas flexilis seed/fruit uncharred
Najas minor seed/fruit uncharred
Najas intermedia/marina seed/fruit charred
Najas intermedia/marina seed/fruit uncharred
Najas intermedia/marina fruit whole uncharred
Najas spec. seed/fruit uncharred
Najas spec. leaf uncharred
Nuphar lutea seed/fruit uncharred
Nuphar spec. seed/fruit uncharred
cf. Nuphar spec. seed/fruit uncharred
Nymphaea spec. seed/fruit uncharred
cf. Nymphaea spec. seed/fruit uncharred
Nymphaeaceae seed/fruit uncharred
Potamogeton crispus seed/fruit uncharred
Potamogeton cf. crispus seed/fruit uncharred
Potamogeton natans seed/fruit uncharred
Potamogeton cf. natans seed/fruit uncharred
Potamogeton cf. obtusifolius seed/fruit uncharred
Potamogeton spec. seed/fruit uncharred
Trapa natans seed/fruit uncharred
density
number of taxa
reed bed and sedge swamp plants
Alisma plantago-aquatica seed/fruit uncharred
Alisma spec. seed/fruit uncharred
Cicuta virosa seed/fruit uncharred
Cladium mariscus seed/fruit uncharred
Eleocharis palustris agg. seed/fruit uncharred
Eleocharis spec. seed/fruit uncharred
cf. Glyceria spec. seed/fruit uncharred
Lycopus europaeus seed/fruit uncharred
Mentha aquatica seed/fruit uncharred
Phragmites australis seed/fruit uncharred
cf. Phragmites australis seed/fruit uncharred
Poa palustris seed/fruit uncharred
cf. Poa palustris seed/fruit charred
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Eupatorium cannabinum seed/fruit uncharred
Mentha aquatica/arvensis seed/fruit uncharred
Poa nemoralis/palustris/(compressa) seed/fruit uncharred
Poa cf. nemoralis/palustris/(compressa) seed/fruit uncharred
cf. Poa nemoralis/palustris/(compressa) seed/fruit uncharred
density
number of taxa
riparian woodland and carr plants
Alnus cf. glutinosa seed/fruit uncharred
Alnus spec. seed/fruit uncharred
Alnus spec. bract uncharred
Alnus spec. cone (female) uncharred
cf. Alnus spec. seed/fruit uncharred
Circaea lutetiana seed/fruit uncharred
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1.00 2.00 1.00 1.00 0.00 0.00 1.00 0.00 0.00 1.00 1.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 1.00 1.00 0.00 0.00 1.00 0.00 0.00 1.00 0.00 1.00 0.00 0.00 0.00 3.00 1.00 0.00 0.00 1.00 2.00 1.00 1.00 1.00 0.00 0.00 1.00 1.00 1.00 1.00 1.00
0.00 1.82 0.00 0.00 0.00 0.00 211.11 0.00 5.00 0.00 4.00 16.00 0.00 26.67 0.00 20.00 7.50 0.00 5.00 0.00 40.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 2.50 0.00 4.00 0.00 5.71 0.00 0.00 4.00 2.00 0.00 1.25 24.00 9.09 0.00 3.33 0.00 0.00 5.26 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 10.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 1.82 0.00 0.00 0.00 0.00 5.56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.76 0.00 0.00 0.00 0.00 1.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 1.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00








Prunus padus seed/fruit uncharred
Rubus caesius seed/fruit uncharred
Rumex sanguineus flower uncharred
Rumex cf. sanguineus flower uncharred
Salix spec. capsule uncharred




Abies alba seed/fruit uncharred
Abies alba leaf charred
Abies alba leaf uncharred
Abies alba leaf semi-charred
Acer spec. seed/fruit uncharred
cf. Acer spec. seed/fruit uncharred
Ajuga reptans seed/fruit uncharred
Betula pendula/pubescens seed/fruit uncharred
Betula pendula/pubescens fruit whole uncharred
Betula pendula/pubescens bract uncharred
cf. Betula pendula/pubescens seed/fruit uncharred
Fagaceae pericarp uncharred
Ilex aquifolium seed/fruit uncharred
Ilex aquifolium leaf uncharred
Lamium galeobdolon s.l. seed/fruit uncharred
Milium effusum flower uncharred
cf. Milium effusum flower uncharred
Moehringia trinervia seed/fruit uncharred
Phyteuma spicatum seed/fruit uncharred
Phyteuma cf. spicatum seed/fruit uncharred
Picea abies leaf charred
Picea abies leaf uncharred
cf. Picea abies seed/fruit uncharred
cf. Picea abies leaf uncharred
cf. Picea spec. leaf uncharred
Sanicula europaea seed/fruit uncharred
Scrophularia nodosa/umbrosa seed/fruit uncharred
Stachys sylvatica seed/fruit uncharred
Stellaria cf. holostea seed/fruit uncharred
Taxus baccata leaf charred
Taxus baccata leaf uncharred
cf. Taxus baccata leaf uncharred
Tilia cf. cordata seed/fruit uncharred
Tilia platyphyllos seed/fruit uncharred
Tilia spec. seed/fruit uncharred
cf. Tilia spec. seed/fruit uncharred
Ulmus glabra seed/fruit uncharred
Viscum album s.l. seed/fruit uncharred
Viscum album s.l. leaf uncharred
density
number of taxa
woodland clearing edge, hedge, bush plants
Agrimonia eupatoria seed/fruit uncharred
Agrimonia procera seed/fruit uncharred
Agrimonia cf. procera seed/fruit uncharred
Agrimonia spec. seed/fruit uncharred
Agrimonia spec. flower uncharred
Calamintha menthifolia seed/fruit uncharred
Clinopodium vulgare seed/fruit uncharred
Cornus sanguinea seed/fruit charred
Cornus sanguinea seed/fruit uncharred
cf. Cornus sanguinea seed/fruit uncharred
Epilobium spec. seed/fruit uncharred
Fallopia dumetorum seed/fruit uncharred
Galeopsis cf. tetrahit seed/fruit uncharred
cf. Galeopsis spec. seed/fruit uncharred
Humulus lupulus seed/fruit uncharred
Hypericum perforatum seed/fruit uncharred
Hypericum cf. perforatum seed/fruit uncharred
Lapsana communis seed/fruit charred
Lapsana communis seed/fruit uncharred
Origanum vulgare seed/fruit uncharred
Prunus spec. seed/fruit uncharred
cf. Rosa spec. seed/fruit uncharred
Rubus spec. seed/fruit uncharred
Silene dioica seed/fruit uncharred
Viburnum lantana seed/fruit uncharred
cf. Viburnum lantana seed/fruit uncharred
Viburnum opulus seed/fruit uncharred
Viburnum spec. seed/fruit uncharred
density
number of taxa 16
grassland plants
cf. Agrostis spec. seed/fruit uncharred
Gentiana cruciata seed/fruit uncharred
Heracleum sphondylium seed/fruit uncharred
Hypericum cf. maculatum seed/fruit uncharred
Laserpitium siler seed/fruit uncharred
Leucanthemum cf. vulgare agg. seed/fruit uncharred
Medicago lupulina fruit uncharred
Poa pratensis/trivialis seed/fruit uncharred
Poa cf. pratensis/trivialis seed/fruit uncharred
cf. Poa pratensis/trivialis seed/fruit charred
cf. Poa pratensis/trivialis seed/fruit uncharred
Prunella vulgaris seed/fruit uncharred
Prunella cf. vulgaris seed/fruit uncharred
Rumex acetosa seed/fruit uncharred
Rumex acetosella agg. seed/fruit uncharred
Rumex acetosella agg. flower uncharred
Silene vulgaris seed/fruit uncharred
Taraxacum officinale agg. seed/fruit uncharred
Trifolium spec. seed/fruit charred
Trifolium spec. flower uncharred
cf. Trifolium spec. fruit uncharred
density
number of taxa
winter crop annual and flax weeds
Agrostemma githago seed/fruit uncharred
Aphanes arvensis seed/fruit uncharred
cf. Camelina spec. seed/fruit uncharred
Fallopia convolvulus seed/fruit uncharred
Silene cretica seed/fruit uncharred
Silene cf. cretica seed/fruit uncharred
Valerianella dentata seed/fruit uncharred
Valerianella locusta seed/fruit uncharred
Vicia hirsuta/tetrasperma seed/fruit uncharred
Viola tricolor agg. seed/fruit uncharred
density
number of taxa
profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile
0.70 0.55 0.40 0.50 0.40 0.23 0.18 0.45 0.20 0.20 0.25 0.25 0.10 0.15 0.30 0.10 0.40 0.30 0.20 0.20 0.05 0.20 0.10 0.35 0.14 0.15 0.10 0.40 0.50 0.40 0.20 0.25 0.25 0.35 0.21 0.80 0.50 0.50 0.60 0.80 0.50 0.22 0.20 0.30 0.25 0.40 0.19 0.19 0.06
OSLM OSLM OSLM OSLM L1 OS O1 O2 SO O2 O2 O1 SO O1 O1 O1 O1 O1 LO O1 SO O1 L1 OL O1 O2 SO O2 O1 OS SO, O1 O1 O1 O2 O1 OL OS O2 O1 O1 MO2 MO2 MO1 MO1 OL MO2 SO O2 O1
U5 U5 U5 U5 U5 U5 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6, U5 U7 U7 U7 U7 U7 U7 U8 U8 U8
98_10 98_11 98_12 98_13 96_9 96_10 46_13 46_14 46_15 46_16 46_17 46_18 46_19 46_20 68_8_1 68_8_2 68_9 68_10 68_11 68_12 68_13 74_10 74_11 73_2 73_3 73_4 73_5 73_6 88_10 88_11 89_1-2 89_3 89_4 89_5 89_6 96_11 96_12 96_13 96_14 88_9 46_21 68_14 73_7 88_12 89_7 96_15 46_22 46_23 46_24
0.00 1.82 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 12.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 20.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2.86 0.00 0.00 0.00 2.50 4.35 5.56 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 80.00 7.50 0.00 0.00 0.00 0.00 0.00 0.00 5.71 0.00 0.00 10.00 2.50 6.00 0.00 0.00 4.00 0.00 2.86 0.00 0.00 4.00 8.00 0.00 0.00 2.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2.86 7.27 0.00 2.00 2.50 4.35 222.22 0.00 5.00 0.00 16.00 28.00 10.00 26.67 0.00 100.00 20.00 0.00 15.00 0.00 40.00 5.00 0.00 5.71 0.00 0.00 30.00 2.50 8.00 2.50 0.00 8.00 0.00 8.57 4.76 0.00 8.00 18.00 1.67 2.50 30.00 9.09 0.00 3.33 4.00 2.50 5.26 0.00 0.00
1.00 3.00 0.00 1.00 1.00 1.00 2.00 0.00 1.00 0.00 3.00 2.00 1.00 1.00 0.00 2.00 4.00 0.00 2.00 0.00 1.00 1.00 0.00 1.00 0.00 0.00 2.00 1.00 2.00 1.00 0.00 2.00 0.00 2.00 1.00 0.00 2.00 3.00 1.00 1.00 2.00 1.00 0.00 1.00 1.00 1.00 1.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 40.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.53 0.00
0.00 0.00 0.00 0.00 2.50 0.00 0.00 2.22 5.00 5.00 8.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00 2.86 7.14 0.00 0.00 0.00 2.00 0.00 0.00 4.00 4.00 0.00 0.00 1.25 0.00 4.00 3.33 0.00 4.00 0.00 0.00 0.00 0.00 5.00 0.00 5.26 0.00
54.29 25.45 45.00 294.00 140.00 626.09 411.11 546.67 955.00 795.00 1048.00 1564.00 1000.00 1113.33 240.00 110.00 350.00 300.00 560.00 415.00 280.00 335.00 60.00 154.29 450.00 546.67 770.00 710.00 1006.00 847.50 320.00 636.00 952.00 1297.14 842.86 481.25 314.00 520.00 701.67 526.25 370.00 400.00 70.00 1396.67 1036.00 900.00 368.42 736.84 1000.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 3.64 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 20.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 1.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 4.00 30.00 20.00 3.33 0.00 0.00 3.33 0.00 0.00 20.00 0.00 0.00 0.00 7.14 0.00 0.00 0.00 0.00 2.50 0.00 0.00 4.00 0.00 4.76 0.00 2.00 2.00 1.67 0.00 4.00 9.09 0.00 6.67 0.00 2.50 5.26 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00 6.67 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 0.00 0.00 10.00 0.00 0.00 5.71 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 2.50 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.26 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2.86 3.64 2.50 6.00 2.50 0.00 5.56 2.22 0.00 0.00 0.00 4.00 120.00 0.00 0.00 0.00 2.50 0.00 0.00 5.00 20.00 5.00 10.00 8.57 14.29 6.67 10.00 2.50 2.00 0.00 0.00 8.00 0.00 2.86 0.00 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 3.33 4.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00
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0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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summer crop annual weeds, annual ruderals
Aethusa cynapium seed/fruit uncharred
Arenaria serpyllifolia agg. seed/fruit uncharred
Arenaria serpyllifolia agg. capsule uncharred
Brassica rapa seed/fruit uncharred
Brassica/Sinapis seed/fruit uncharred
Chenopodium album seed/fruit uncharred
Chenopodium cf. album seed/fruit uncharred
Chenopodium polyspermum seed/fruit uncharred
Chenopodium cf. polyspermum seed/fruit uncharred
Chenopodiaceae seed/fruit uncharred
Chenopodium spec. seed/fruit uncharred
Digitaria cf. ischaemum seed/fruit uncharred
cf. Digitaria ischaemum seed/fruit uncharred
Digitaria sanguinalis flower uncharred
Digitaria spec. seed/fruit uncharred
cf. Digitaria spec. seed/fruit charred
cf. Digitaria spec. seed/fruit uncharred
Echinochloa crus-galli seed/fruit uncharred
Polygonum aviculare agg. seed/fruit charred
Polygonum aviculare agg. seed/fruit uncharred
Polygonum cf. aviculare agg. seed/fruit uncharred
Polygonum persicaria seed/fruit uncharred
Polygonum cf. persicaria seed/fruit uncharred
Solanum nigrum seed/fruit uncharred
Sonchus asper seed/fruit uncharred
Sonchus oleraceus seed/fruit uncharred
Sonchus asper/oleraceus seed/fruit uncharred
Stachys arvensis seed/fruit uncharred
Stellaria media agg. seed/fruit uncharred
Verbena officinalis seed/fruit charred




Arctium spec. seed/fruit uncharred
Arctium spec. flower charred
Arctium spec. flower uncharred
cf. Arctium spec. seed/fruit uncharred
Artemisia vulgaris seed/fruit uncharred
cf. Artemisia vulgaris seed/fruit uncharred
Daucus carota seed/fruit uncharred
Dipsacus fullonum/pilosus seed/fruit uncharred
Galium cf. aparine seed/fruit uncharred
Lamium maculatum seed/fruit uncharred
Malva sylvestris seed/fruit uncharred
Nepeta cataria seed/fruit uncharred
Rumex conglomeratus flower uncharred
Rumex crispus flower uncharred




Hordeum vulgare undiff. seed/fruit charred
Hordeum vulgare undiff. rachis segment charred
Hordeum vulgare undiff. rachis segment uncharred
Hordeum vulgare undiff. rachis segment semi-charred
Triticum dicoccum seed/fruit charred
Triticum dicoccum glume basis charred
Triticum dicoccum glume basis uncharred
Triticum dicoccum glume basis semi-charred
Triticum monococcum glume basis charred
Triticum monococcum glume basis uncharred
Triticum cf. monococcum glume basis uncharred
Triticum aestivum s.l./durum/turgidum seed/fruit charred
Triticum durum/turgidum rachis segment charred
Triticum durum/turgidum rachis segment uncharred
Triticum durum/turgidum rachis segment semi-charred
Triticum monococcum/dicoccum glume base charred
Triticum monococcum/dicoccum glume base uncharred
Cerealia indet. bran uncharred
Cerealia indet. seed/fruit charred
Cerealia indet. chaff charred
Cerealia indet. chaff uncharred
Cerealia indet. chaff semi-charred
Triticum spec. seed/fruit charred
Triticum spec. chaff charred
Triticum spec. chaff uncharred
Triticum spec. chaff semi-charred
density cereals all





Fabaceae pod stem uncharred
cf. Fabaceae pod uncharred
Pisum sativum seed/fruit charred
Pisum sativum seed/fruit uncharred




Linum usitatissimum seed/fruit charred
Linum usitatissimum seed/fruit uncharred
Linum usitatissimum seed/fruit semi-charred
Linum usitatissimum capsule uncharred
Linum usitatissimum capsule semi-charred
Linum usitatissimum capsule frg. charred
Linum usitatissimum capsule frg. uncharred
Linum usitatissimum capsule frg. semi-charred
Papaver somniferum seed/fruit charred
Papaver somniferum seed/fruit uncharred




Anethum graveolens seed/fruit uncharred
cf. Anethum graveolens seed/fruit uncharred




Corylus avellana seed/fruit charred
Corylus avellana seed/fruit uncharred
cf. Corylus avellana seed/fruit uncharred
Crataegus monogyna agg. seed/fruit uncharred
profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile
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0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 120.00 186.67 0.00 0.00 40.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.00 2.86 4.76 0.00 0.00 0.00 0.00 0.00 6.00 0.00 0.00 0.00 16.00 0.00 84.21 10.53 200.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.26 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.43 0.00 0.00 0.00 0.00 0.00 0.00 2.22 0.00 0.00 0.00 4.00 20.00 0.00 220.00 360.00 260.00 13.33 0.00 10.00 20.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 6.00 0.00 1.25 2.00 0.00 0.00 0.00 0.00 2.50 5.26 0.00 16.67
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 7.27 2.50 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 163.33 120.00 12.50 0.00 0.00 0.00 20.00 10.00 0.00 2.86 0.00 0.00 10.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.26 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 0.00 0.00 0.00 2.86 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 16.67
0.00 0.00 0.00 0.00 2.50 0.00 5.56 0.00 5.00 0.00 0.00 0.00 30.00 0.00 0.00 0.00 0.00 0.00 0.00 15.00 0.00 0.00 0.00 5.71 7.14 0.00 40.00 2.50 6.00 0.00 15.00 8.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 3.75 0.00 0.00 5.00 0.00 4.00 52.50 0.00 5.26 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.14 13.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.55 0.00 0.00 0.00 0.00 5.26 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 2.50 4.35 0.00 0.00 0.00 0.00 0.00 8.00 0.00 0.00 0.00 10.00 0.00 0.00 5.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.00 16.00 2.86 0.00 0.00 0.00 0.00 0.00 1.25 6.00 9.09 0.00 0.00 4.00 0.00 5.26 5.26 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00
35.71 3.64 2.50 8.00 0.00 0.00 5.56 0.00 5.00 5.00 8.00 12.00 30.00 26.67 100.00 360.00 300.00 3.33 5.00 15.00 20.00 0.00 0.00 0.00 0.00 13.33 20.00 2.50 0.00 0.00 20.00 120.00 160.00 120.00 100.00 0.00 120.00 6.00 80.00 0.00 6.00 109.09 30.00 100.00 204.00 10.00 252.63 236.84 400.00
42.86 125.45 95.00 16.00 10.00 8.70 16.67 68.89 25.00 15.00 28.00 216.00 320.00 53.33 1010.00 1250.00 697.50 203.33 115.00 60.00 180.00 105.00 10.00 20.00 121.43 53.33 130.00 10.00 10.00 92.50 40.00 192.00 212.00 220.00 123.81 0.00 128.00 24.00 93.33 7.50 48.00 213.64 40.00 196.67 248.00 80.00 431.58 410.53 700.00
4.00 4.00 3.00 3.00 3.00 2.00 3.00 4.00 4.00 3.00 3.00 4.00 7.00 2.00 6.00 5.00 5.00 3.00 4.00 7.00 5.00 3.00 1.00 4.00 3.00 4.00 4.00 3.00 3.00 2.00 3.00 5.00 5.00 6.00 4.00 0.00 4.00 5.00 4.00 4.00 7.00 4.00 3.00 3.00 6.00 5.00 7.00 8.00 5.00
7.14 5.45 5.00 8.00 2.50 13.04 0.00 0.00 0.00 5.00 0.00 16.00 40.00 6.67 0.00 10.00 35.00 3.33 0.00 0.00 0.00 5.00 0.00 0.00 7.14 13.33 30.00 12.50 10.00 42.50 15.00 4.00 4.00 5.71 4.76 0.00 2.00 8.00 8.33 7.50 2.00 0.00 0.00 0.00 4.00 2.50 5.26 5.26 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 25.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 21.05 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 1.82 0.00 0.00 2.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 0.00 11.43 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00 6.00 0.00 0.00 0.00 0.00 0.00 5.26 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.43 3.64 2.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 2.86 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 2.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 2.50 0.00 0.00 0.00 0.00 0.00 0.00 5.71 0.00 0.00 10.00 2.50 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 1.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.26 0.00
8.57 10.91 7.50 8.00 7.50 13.04 0.00 0.00 0.00 5.00 0.00 16.00 40.00 13.33 3.33 10.00 37.50 3.33 0.00 0.00 0.00 10.00 0.00 17.14 7.14 13.33 40.00 15.00 18.00 67.50 15.00 4.00 4.00 8.57 4.76 0.00 2.00 10.00 11.67 8.75 12.00 0.00 0.00 0.00 4.00 2.50 10.53 31.58 0.00
2.00 3.00 2.00 1.00 3.00 1.00 0.00 0.00 0.00 1.00 0.00 1.00 1.00 2.00 1.00 1.00 2.00 1.00 0.00 0.00 0.00 2.00 0.00 2.00 1.00 1.00 2.00 2.00 3.00 1.00 1.00 1.00 1.00 2.00 1.00 0.00 1.00 1.00 3.00 2.00 3.00 0.00 0.00 0.00 1.00 1.00 2.00 2.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 2.50 2.00 0.00 0.00 0.00 2.22 5.00 0.00 8.00 8.00 10.00 0.00 0.00 0.00 0.00 0.00 0.00 10.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.00 117.14 57.14 5.00 2.00 2.00 5.00 2.50 2.00 0.00 0.00 186.67 4.00 2.50 0.00 0.00 0.00
0.00 3.64 0.00 2.00 0.00 0.00 0.00 4.44 20.00 0.00 32.00 28.00 0.00 0.00 30.00 0.00 2.50 0.00 0.00 5.00 40.00 10.00 0.00 0.00 0.00 0.00 50.00 170.00 30.00 12.50 70.00 0.00 16.00 128.57 19.05 0.00 0.00 2.00 0.00 12.50 22.00 18.18 0.00 0.00 284.00 2.50 126.32 0.00 50.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.76 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 96.00 0.00 4.35 16.67 55.56 10.00 0.00 8.00 20.00 20.00 0.00 10.00 0.00 0.00 0.00 0.00 0.00 0.00 10.00 0.00 2.86 14.29 0.00 0.00 0.00 0.00 5.00 10.00 4.00 96.00 20.00 233.33 0.00 0.00 4.00 0.00 2.50 4.00 0.00 0.00 576.67 16.00 0.00 5.26 0.00 0.00
0.00 10.91 22.50 84.00 5.00 86.96 894.44 513.33 410.00 390.00 676.00 1100.00 510.00 586.67 16.67 30.00 5.00 0.00 410.00 25.00 180.00 360.00 40.00 5.71 242.86 0.00 20.00 5.00 470.00 170.00 0.00 48.00 28.00 88.57 257.14 3.75 6.00 42.00 163.33 20.00 270.00 263.64 20.00 193.33 240.00 97.50 221.05 121.05 533.33
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.71 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 14.29 0.00 2.00 0.00 0.00 1.25 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00
0.00 0.00 0.00 4.00 0.00 8.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 4.76 0.00 10.00 22.00 3.33 6.25 0.00 0.00 0.00 0.00 0.00 0.00 10.53 5.26 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 10.00 0.00 13.04 0.00 0.00 0.00 10.00 16.00 12.00 0.00 6.67 0.00 0.00 15.00 0.00 5.00 5.00 0.00 15.00 0.00 2.86 14.29 13.33 0.00 0.00 10.00 10.00 10.00 48.00 52.00 105.71 142.86 3.75 12.00 12.00 16.67 10.00 8.00 13.64 0.00 220.00 4.00 0.00 0.00 10.53 66.67
2.86 67.27 22.50 202.00 25.00 0.00 72.22 224.44 345.00 225.00 276.00 716.00 40.00 146.67 50.00 0.00 30.00 0.00 145.00 75.00 120.00 125.00 0.00 71.43 157.14 0.00 60.00 5.00 462.00 185.00 290.00 196.00 364.00 254.29 338.10 2.50 16.00 36.00 98.33 226.25 174.00 222.73 10.00 176.67 1012.00 52.50 184.21 226.32 400.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 4.00 0.00 0.00 0.00 0.00 0.00 2.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 50.00 0.00 0.00 0.00 0.00 0.00
74.29 1.82 262.50 4.00 25.00 21.74 111.11 8.89 0.00 20.00 0.00 16.00 0.00 0.00 0.00 20.00 0.00 0.00 0.00 15.00 0.00 0.00 0.00 0.00 114.29 0.00 0.00 162.50 180.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.00 0.00 5.00 0.00 4.00 0.00 0.00 3.33 0.00 72.50 0.00 5.26 0.00
1715.71 490.91 5842.50 326.00 192.50 413.04 2061.11 1988.89 1950.00 2885.00 6880.00 3304.00 1240.00 1720.00 230.00 20.00 662.50 13.33 1800.00 270.00 880.00 4520.00 220.00 117.14 4285.71 940.00 310.00 585.00 174.00 1852.50 170.00 68.00 112.00 588.57 85.71 300.00 104.00 2156.00 2536.67 7.50 834.00 1690.91 40.00 3123.33 2728.00 715.00 2410.53 257.89 4316.67
1.43 1.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 2.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 4.55 0.00 10.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 14.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.86 0.00 1.25 0.00 100.00 0.00 0.00 4.00 0.00 0.00 0.00 16.00 0.00 0.00 0.00 0.00
35.71 1.82 0.00 0.00 25.00 95.65 244.44 55.56 255.00 160.00 204.00 364.00 40.00 66.67 0.00 0.00 142.50 0.00 260.00 0.00 60.00 300.00 20.00 0.00 200.00 0.00 120.00 170.00 90.00 252.50 5.00 60.00 0.00 737.14 14.29 5.00 16.00 122.00 181.67 0.00 16.00 254.55 45.00 296.67 1504.00 165.00 94.74 0.00 266.67
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 8.00 0.00 20.00 0.00 0.00 0.00 0.00 5.00 0.00 40.00 0.00 0.00 0.00 0.00 0.00 20.00 0.00 0.00 2.50 0.00 0.00 0.00 85.71 0.00 0.00 0.00 4.00 5.00 0.00 0.00 18.18 5.00 0.00 0.00 10.00 0.00 0.00 0.00
2.86 172.73 7.50 8.00 0.00 0.00 405.56 200.00 335.00 300.00 352.00 672.00 380.00 973.33 20.00 10.00 132.50 0.00 220.00 0.00 80.00 285.00 0.00 142.86 271.43 606.67 130.00 2.50 4.00 227.50 20.00 88.00 304.00 465.71 200.00 0.00 2.00 0.00 95.00 233.75 108.00 209.09 15.00 310.00 780.00 62.50 121.05 142.11 683.33
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1832.86 750.91 6160.00 738.00 272.50 643.48 3805.56 3053.33 3335.00 3995.00 8460.00 6248.00 2250.00 3526.67 356.67 80.00 995.00 13.33 2845.00 405.00 1400.00 5625.00 280.00 342.86 5314.29 1560.00 710.00 1107.50 1420.00 2720.00 575.00 520.00 984.00 2600.00 1371.43 321.25 184.00 2506.00 3110.00 523.75 1448.00 2695.45 135.00 5163.33 6588.00 1185.00 3173.68 768.42 6316.67
1792.86 574.55 6152.50 730.00 247.50 547.83 3155.56 2797.78 2740.00 3535.00 7900.00 5204.00 1820.00 2460.00 336.67 70.00 717.50 13.33 2360.00 405.00 1220.00 5040.00 260.00 200.00 4828.57 953.33 440.00 935.00 1326.00 2235.00 550.00 368.00 680.00 1308.57 1157.14 315.00 164.00 2280.00 2828.33 290.00 1318.00 2209.09 70.00 4546.67 4288.00 947.50 2957.89 626.32 5366.67
2.00 3.00 3.00 4.00 2.00 3.00 2.00 3.00 3.00 2.00 3.00 3.00 3.00 2.00 3.00 1.00 3.00 1.00 2.00 3.00 3.00 3.00 1.00 2.00 2.00 1.00 3.00 4.00 3.00 3.00 3.00 2.00 3.00 3.00 4.00 3.00 4.00 4.00 4.00 4.00 3.00 3.00 2.00 3.00 3.00 4.00 4.00 3.00 3.00
4.00 2.50 0.00 6.67 0.00 15.00 3.33 135.00 10.00 20.00 35.00 10.00 17.14 7.14 10.00 16.00 2.50 4.00 4.00 2.50 2.00 2.00 8.33 1.25 45.45 7.50
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 4.00 2.50 0.00 0.00 0.00 5.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 15.00 3.33 135.00 10.00 20.00 35.00 10.00 17.14 7.14 0.00 0.00 10.00 16.00 2.50 0.00 4.00 4.00 0.00 0.00 2.50 2.00 2.00 8.33 1.25 0.00 45.45 0.00 0.00 0.00 7.50 0.00 0.00 0.00
0.00 0.00 0.00 1.00 1.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 0.00 1.00 1.00 1.00 0.00 1.00 1.00 0.00 0.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00
2.86 7.27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1055.71 1390.91 1510.00 564.00 155.00 291.30 666.67 413.33 585.00 700.00 580.00 1224.00 840.00 680.00 206.67 30.00 465.00 213.33 420.00 165.00 240.00 1055.00 70.00 391.43 1100.00 1866.67 2160.00 2200.00 726.00 257.50 1340.00 1016.00 696.00 577.14 552.38 175.00 356.00 742.00 618.33 497.50 192.00 504.55 235.00 460.00 2100.00 462.50 389.47 557.89 966.67
0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8.57 10.91 7.50 16.00 0.00 0.00 16.67 2.22 10.00 20.00 4.00 12.00 30.00 26.67 13.33 0.00 12.50 10.00 15.00 10.00 20.00 5.00 0.00 0.00 71.43 0.00 0.00 22.50 28.00 12.50 220.00 192.00 184.00 25.71 23.81 0.00 24.00 0.00 0.00 15.00 20.00 13.64 30.00 13.33 252.00 0.00 26.32 5.26 66.67
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 8.00 0.00 10.53 0.00 0.00
97.14 145.45 107.50 144.00 37.50 17.39 377.78 322.22 210.00 200.00 168.00 192.00 240.00 293.33 140.00 10.00 307.50 3.33 120.00 115.00 260.00 135.00 0.00 11.43 171.43 373.33 100.00 692.50 378.00 212.50 390.00 648.00 488.00 222.86 385.71 177.50 0.00 224.00 330.00 253.75 138.00 322.73 135.00 196.67 1284.00 210.00 184.21 326.32 666.67
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.00 0.00 2.86 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7242.86 8045.45 9312.50 3000.00 370.00 3204.35 7877.78 2035.56 2705.00 3830.00 6440.00 7940.00 4940.00 3226.67 660.00 570.00 1682.50 426.67 3145.00 1810.00 3960.00 10445.00 440.00 3322.86 5535.71 9900.00 7220.00 12630.00 1100.00 1022.50 260.00 632.00 848.00 1308.57 900.00 950.00 2288.00 2586.00 3055.00 1557.50 780.00 3440.91 1375.00 1873.33 2608.00 1367.50 1752.63 1878.95 3000.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8407.14 9600.00 10937.50 3724.00 562.50 3513.04 8938.89 2775.56 3510.00 4750.00 7192.00 9368.00 6050.00 4226.67 1020.00 610.00 2467.50 653.33 3710.00 2100.00 4480.00 11640.00 510.00 3725.71 6878.57 12140.00 9480.00 15545.00 2232.00 1505.00 2210.00 2496.00 2216.00 2137.14 1861.90 1302.50 2670.00 3552.00 4003.33 2323.75 1134.00 4281.82 1775.00 2543.33 6252.00 2040.00 2363.16 2768.42 4700.00
2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 2.50 0.00 0.00 0.00 0.00 2.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.86 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
15.71 3.64 20.00 18.00 0.00 0.00 0.00 2.22 5.00 0.00 4.00 0.00 0.00 0.00 3.33 30.00 17.50 0.00 0.00 5.00 20.00 25.00 0.00 11.43 85.71 20.00 20.00 2.50 6.00 5.00 10.00 8.00 8.00 14.29 14.29 11.25 46.00 0.00 1.67 12.50 14.00 4.55 5.00 13.33 0.00 5.00 10.53 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00








Crataegus spec. seed/fruit uncharred
cf. Crataegus spec. seed/fruit uncharred
Fagus sylvatica cupule uncharred
Fagus sylvatica pericarp uncharred
Fragaria vesca seed/fruit uncharred
Malus sylvestris seed/fruit charred
Malus sylvestris seed/fruit uncharred





cf. Malus/Pyrus stem uncharred
Malus/Pyrus stem charred
cf. Malus/Pyrus stem charred
cf. Pyrus spec. fruit flesh uncharred
Physalis alkekengi seed/fruit charred
Physalis alkekengi seed/fruit uncharred
Prunus cf. spinosa seed/fruit uncharred
Prunus spinosa seed/fruit uncharred
Quercus spec. seed/fruit charred
Quercus spec. seed/fruit uncharred
Quercus spec. cotyledon charred
Quercus spec. pericarp charred
Quercus spec. pericarp uncharred
Rosa spec. seed/fruit uncharred
Rubus fruticosus agg. seed/fruit charred
Rubus fruticosus agg. seed/fruit uncharred
Rubus fruticosus/idaeus seed/fruit uncharred
Rubus idaeus seed/fruit uncharred
Rubus idaeus seed/fruit semi-charred
Sambucus spec. seed/fruit charred
Sambucus spec. seed/fruit uncharred
Taxus baccata seed/fruit uncharred
Vaccinium cf. myrtillus seed/fruit uncharred




cf. Alopecurus spec. seed/fruit uncharred
Anagallis/Lysimachia seed/fruit uncharred







Bromus spec. seed/fruit charred
cf. Bromus spec. seed/fruit uncharred
Campanula rapunculoides/trachelium seed/fruit uncharred
Campanula spec. seed/fruit uncharred
cf. Campanula spec. seed/fruit uncharred
Campanulaceae seed/fruit uncharred
Cardamine spec. seed/fruit uncharred
Carex spec. seed/fruit uncharred
Caryophyllaceae seed/fruit uncharred
Cerastium spec. seed/fruit uncharred
cf. Cerastium spec. seed/fruit uncharred
Cirsium/Carduus seed/fruit uncharred
cf. Cirsium/Carduus seed/fruit uncharred
Crepis spec. seed/fruit uncharred





Galium spec. seed/fruit uncharred
Geum spec. seed/fruit uncharred
cf. Hordeum spec. fruit uncharred
Hypericum hirsutum seed/fruit uncharred
Hypericum spec. seed/fruit uncharred
cf. Hypericum spec. seed/fruit uncharred
Juncus spec. seed/fruit uncharred
Lamiaceae seed/fruit uncharred
Lamium spec. seed/fruit uncharred
Luzula spec. seed/fruit uncharred
cf. Luzula spec. seed/fruit uncharred
cf. Melica spec. seed/fruit uncharred
Mentha spec. seed/fruit charred




cf. Pinus spec. seed/fruit uncharred
Physalis/Solanum dulcamara seed/fruit uncharred
Poa spec. seed/fruit uncharred
cf. Poa spec. seed/fruit uncharred
Poaceae seed/fruit charred
Poaceae seed/fruit uncharred
Poaceae fruit large charred
Poaceae fruit large uncharred
Poaceae node charred
Poaceae chaff uncharred
cf.  Poaceae seed/fruit uncharred
cf. Poaceae bran uncharred





Polygonum lapathifolium/persicaria seed/fruit uncharred
Polygonum cf. minus/persicaria seed/fruit uncharred
Polygonum spec. seed/fruit uncharred
Potentilla spec. seed/fruit uncharred





Rumex conglomeratus/sanguineus seed/fruit uncharred
Rumex conglomeratus/sanguineus flower uncharred
Rumex spec. seed/fruit uncharred
Rumex spec. flower uncharred
cf. Rumex spec. flower uncharred
Scrophularia spec. seed/fruit uncharred
Scrophularia/Verbascum seed/fruit uncharred
Senecio spec. seed/fruit uncharred
Silene spec. seed/fruit uncharred
Solanaceae seed/fruit uncharred
Solanum spec. seed/fruit uncharred
Stachys spec. seed/fruit uncharred
profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile
0.70 0.55 0.40 0.50 0.40 0.23 0.18 0.45 0.20 0.20 0.25 0.25 0.10 0.15 0.30 0.10 0.40 0.30 0.20 0.20 0.05 0.20 0.10 0.35 0.14 0.15 0.10 0.40 0.50 0.40 0.20 0.25 0.25 0.35 0.21 0.80 0.50 0.50 0.60 0.80 0.50 0.22 0.20 0.30 0.25 0.40 0.19 0.19 0.06
OSLM OSLM OSLM OSLM L1 OS O1 O2 SO O2 O2 O1 SO O1 O1 O1 O1 O1 LO O1 SO O1 L1 OL O1 O2 SO O2 O1 OS SO, O1 O1 O1 O2 O1 OL OS O2 O1 O1 MO2 MO2 MO1 MO1 OL MO2 SO O2 O1
U5 U5 U5 U5 U5 U5 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6, U5 U7 U7 U7 U7 U7 U7 U8 U8 U8
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0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 2.50 0.00 0.00 2.22 10.00 5.00 0.00 4.00 0.00 6.67 13.33 180.00 300.00 6.67 0.00 10.00 20.00 0.00 0.00 0.00 7.14 6.67 10.00 0.00 2.00 2.50 0.00 12.00 4.00 0.00 4.76 0.00 0.00 0.00 1.67 1.25 2.00 0.00 5.00 0.00 4.00 2.50 0.00 10.53 33.33
0.00 0.00 2.50 0.00 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 2.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.00 0.00 0.00 10.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 5.56 0.00 5.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00








Stellaria graminea/palustris seed/fruit uncharred
Stellaria spec. seed/fruit uncharred
cf. Teucrium spec. seed/fruit uncharred
Torilis spec. seed/fruit charred
Torilis spec. seed/fruit uncharred
cf. Vaccinium spec. seed/fruit uncharred
Viola spec. seed/fruit uncharred
Viola spec. capsule uncharred









number of taxa total
charred all density
semi-charred all density
profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile
0.70 0.55 0.40 0.50 0.40 0.23 0.18 0.45 0.20 0.20 0.25 0.25 0.10 0.15 0.30 0.10 0.40 0.30 0.20 0.20 0.05 0.20 0.10 0.35 0.14 0.15 0.10 0.40 0.50 0.40 0.20 0.25 0.25 0.35 0.21 0.80 0.50 0.50 0.60 0.80 0.50 0.22 0.20 0.30 0.25 0.40 0.19 0.19 0.06
OSLM OSLM OSLM OSLM L1 OS O1 O2 SO O2 O2 O1 SO O1 O1 O1 O1 O1 LO O1 SO O1 L1 OL O1 O2 SO O2 O1 OS SO, O1 O1 O1 O2 O1 OL OS O2 O1 O1 MO2 MO2 MO1 MO1 OL MO2 SO O2 O1
U5 U5 U5 U5 U5 U5 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6 U6, U5 U7 U7 U7 U7 U7 U7 U8 U8 U8
98_10 98_11 98_12 98_13 96_9 96_10 46_13 46_14 46_15 46_16 46_17 46_18 46_19 46_20 68_8_1 68_8_2 68_9 68_10 68_11 68_12 68_13 74_10 74_11 73_2 73_3 73_4 73_5 73_6 88_10 88_11 89_1-2 89_3 89_4 89_5 89_6 96_11 96_12 96_13 96_14 88_9 46_21 68_14 73_7 88_12 89_7 96_15 46_22 46_23 46_24
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 110.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 2.50 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 5.56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.00 20.00 7.50 0.00 5.00 5.00 0.00 0.00 10.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.86 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
82.86 50.91 200.00 18.00 10.00 4.35 177.78 82.22 45.00 45.00 20.00 248.00 300.00 233.33 1026.67 2240.00 1110.00 400.00 70.00 35.00 200.00 35.00 10.00 37.14 71.43 20.00 60.00 5.00 16.00 200.00 80.00 88.00 272.00 128.57 114.29 3.75 22.00 302.00 170.00 138.75 146.00 309.09 55.00 116.67 284.00 122.50 394.74 242.11 483.33
3.00 3.00 7.00 3.00 4.00 1.00 6.00 6.00 4.00 5.00 2.00 9.00 5.00 7.00 7.00 11.00 11.00 6.00 8.00 4.00 5.00 2.00 1.00 8.00 4.00 3.00 4.00 1.00 6.00 6.00 5.00 7.00 3.00 3.00 5.00 3.00 7.00 8.00 6.00 6.00 6.00 7.00 7.00 6.00 7.00 10.00 9.00 7.00 6.00
2.86 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.86 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4.29 0.00 25.00 0.00 0.00 0.00 27.78 15.56 30.00 10.00 20.00 60.00 160.00 60.00 0.00 50.00 52.50 30.00 35.00 0.00 140.00 20.00 0.00 0.00 28.57 13.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 20.00 0.00 0.00 0.00 0.00 3.33 0.00 30.00 27.27 0.00 0.00 32.00 0.00 84.21 0.00 300.00
2.86 0.00 0.00 2.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 4.00 0.00 0.00 3.33 130.00 0.00 0.00 5.00 0.00 0.00 0.00 0.00 2.86 0.00 0.00 0.00 2.50 0.00 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 2.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 16.67
10.00 0.00 30.00 2.00 0.00 0.00 27.78 15.56 35.00 10.00 20.00 64.00 160.00 60.00 3.33 180.00 52.50 30.00 40.00 0.00 140.00 25.00 0.00 2.86 28.57 13.33 0.00 2.50 0.00 0.00 5.00 0.00 0.00 22.86 0.00 0.00 0.00 4.00 3.33 0.00 32.00 27.27 0.00 3.33 32.00 0.00 84.21 0.00 316.67
10652.86 12065.45 19087.50 6122.00 2150.00 7073.91 13966.67 6982.22 8590.00 10330.00 17640.00 20320.00 12530.00 10666.67 5503.33 7020.00 8395.00 2666.67 9220.00 5145.00 9440.00 19245.00 1010.00 5280.00 14685.72 17580.00 14870.00 24875.00 5220.00 6832.50 4265.00 4408.00 5156.00 7188.57 4666.67 2406.25 4026.00 8266.00 9366.67 4052.50 3446.00 9163.64 3325.00 10120.00 14656.00 6825.00 7731.58 6557.90 15650.00
34.00 58.00 49.00 48.00 38.00 27.00 38.00 41.00 37.00 32.00 34.00 46.00 52.00 51.00 57.00 52.00 69.00 34.00 39.00 42.00 44.00 42.00 14.00 45.00 40.00 25.00 37.00 33.00 51.00 43.00 40.00 47.00 38.00 43.00 41.00 26.00 44.00 52.00 52.00 43.00 56.00 43.00 36.00 39.00 47.00 55.00 51.00 52.00 34.00
10.00 9.09 10.00 110.00 2.50 17.39 16.67 62.22 30.00 15.00 48.00 56.00 40.00 33.33 16.67 130.00 17.50 0.00 15.00 20.00 40.00 30.00 0.00 14.29 50.00 13.33 20.00 5.00 12.00 20.00 25.00 72.00 168.00 337.14 452.38 12.50 22.00 132.00 31.67 17.50 30.00 36.36 15.00 1050.00 52.00 22.50 26.32 21.05 83.33




Chara spec. oog uncharred
Chara spec. oogK uncharred




Myriophyllum cf. spicatum seed/fruit uncharred
Najas flexilis seed/fruit uncharred
Najas minor seed/fruit uncharred
Najas intermedia/marina seed/fruit charred
Najas intermedia/marina seed/fruit uncharred
Najas intermedia/marina fruit whole uncharred
Najas spec. seed/fruit uncharred
Najas spec. leaf uncharred
Nuphar lutea seed/fruit uncharred
Nuphar spec. seed/fruit uncharred
cf. Nuphar spec. seed/fruit uncharred
Nymphaea spec. seed/fruit uncharred
cf. Nymphaea spec. seed/fruit uncharred
Nymphaeaceae seed/fruit uncharred
Potamogeton crispus seed/fruit uncharred
Potamogeton cf. crispus seed/fruit uncharred
Potamogeton natans seed/fruit uncharred
Potamogeton cf. natans seed/fruit uncharred
Potamogeton cf. obtusifolius seed/fruit uncharred
Potamogeton spec. seed/fruit uncharred
Trapa natans seed/fruit uncharred
density
number of taxa
reed bed and sedge swamp plants
Alisma plantago-aquatica seed/fruit uncharred
Alisma spec. seed/fruit uncharred
Cicuta virosa seed/fruit uncharred
Cladium mariscus seed/fruit uncharred
Eleocharis palustris agg. seed/fruit uncharred
Eleocharis spec. seed/fruit uncharred
cf. Glyceria spec. seed/fruit uncharred
Lycopus europaeus seed/fruit uncharred
Mentha aquatica seed/fruit uncharred
Phragmites australis seed/fruit uncharred
cf. Phragmites australis seed/fruit uncharred
Poa palustris seed/fruit uncharred
cf. Poa palustris seed/fruit charred
Schoenoplectus lacustris seed/fruit uncharred
Schoenoplectus cf. lacustris seed/fruit uncharred
Schoenoplectus spec. seed/fruit uncharred
cf. Schoenoplectus spec. seed/fruit uncharred




cf. Deschampsia cespitosa seed/fruit uncharred
Filipendula ulmaria seed/fruit uncharred
cf. Filipendula ulmaria seed/fruit uncharred
Hypericum tetrapterum seed/fruit uncharred
Linum catharticum seed/fruit uncharred
Lythrum salicaria seed/fruit charred
Lythrum salicaria seed/fruit uncharred
Mentha arvensis seed/fruit uncharred
Molinia caerulea seed/fruit uncharred
cf. Molinia caerulea seed/fruit uncharred
Molinia arundinacea seed/fruit uncharred
cf. Molinia arundinacea seed/fruit uncharred
Plantago major s.l. seed/fruit uncharred
Potentilla reptans seed/fruit uncharred
Ranunculus cf. repens seed/fruit uncharred
Scirpus sylvaticus seed/fruit uncharred
Valeriana dioica seed/fruit uncharred
Veronica spec. seed/fruit uncharred
cf. Veronica spec. seed/fruit uncharred
density
number of taxa
shoreline pioneers incl. shore weeds
Bidens cernua seed/fruit uncharred
Bidens cf. tripartita seed/fruit uncharred
Bidens spec. seed/fruit uncharred
Cyperus fuscus seed/fruit uncharred
Cyperus spec. seed/fruit uncharred
Cyperus/Scirpus seed/fruit uncharred
Hypericum cf. humifusum seed/fruit uncharred
Myosoton aquaticum/Stellaria nemorum seed/fruit uncharred
Polygonum hydropiper seed/fruit uncharred
Polygonum cf. hydropiper seed/fruit uncharred
Polygonum lapathifolium agg. seed/fruit uncharred
Polygonum cf. lapathifolium agg. seed/fruit uncharred
Polygonum minus seed/fruit uncharred
Polygonum mite seed/fruit uncharred
Polygonum mite/minus seed/fruit uncharred
Ranunculus sceleratus seed/fruit uncharred
Torilis japonica seed/fruit uncharred
Torilis cf. japonica seed/fruit uncharred




Cardamine cf. flexuosa seed/fruit uncharred
Chrysosplenium alternifolium seed/fruit uncharred
Eupatorium cannabinum seed/fruit uncharred
Mentha aquatica/arvensis seed/fruit uncharred
Poa nemoralis/palustris/(compressa) seed/fruit uncharred
Poa cf. nemoralis/palustris/(compressa) seed/fruit uncharred
cf. Poa nemoralis/palustris/(compressa) seed/fruit uncharred
density
number of taxa
riparian woodland and carr plants
Alnus cf. glutinosa seed/fruit uncharred
Alnus spec. seed/fruit uncharred
Alnus spec. bract uncharred
Alnus spec. cone (female) uncharred
cf. Alnus spec. seed/fruit uncharred
Circaea lutetiana seed/fruit uncharred
Circaea spec. seed/fruit uncharred
Clematis vitalba seed/fruit uncharred
Frangula alnus seed/fruit uncharred
cf. Frangula alnus seed/fruit uncharred






profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile
0.22 0.05 0.35 0.16 0.45 0.10 0.15 0.07 0.45 0.12 0.27 0.15 0.50 0.08 0.25 0.60 0.30 0.19 0.20 0.15 0.24 0.14 0.50 0.34 0.30 0.50 0.85 0.60 0.25 1.60 0.40 0.23 0.34 0.08 0.10 0.30 0.20 0.30 0.20 0.80 0.80 3.50 0.65 0.25 1.00 0.26 0.60 0.13
O2 SL O2 OLA O2 L2 O1 SO O2 L1 O2 SO, O2 O2 SO O1 O1 OL O1 O1 SO O1 O2 O2 O2 O2 O1 O1 O1 SL OSLM OSLM OL L1 L2 OL OL O1 O2 OL OL O1 OL L1 O2 L1 OL L1 L1
U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U9 U9 U9 U9 U9 U9
46_25 46_26 46_27 46_28 46_29 46_30 46_31 46_32 46_33 46_34 46_35 46_36-37 45_4 45_5 67_5_1 67_5_2 67_6 67_7 67_8 67_9 67_10 67_11 67_12 73_8 73_9 73_10 73_11 73_12 88_13 88_14 88_15 89_8 89_9 89_10 89_11 96_16 96_17 96_18 96_19 96_20 92_1 92_2 89_12 89_13 89_14 89_15 89_16 89_17
0.00 0.00 0.00 6.25 0.00 0.00 6.67 0.00 2.22 8.33 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 2.94 0.00 2.00 4.71 160.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.29 1.54 0.00 11.00 15.38 93.33 30.77
0.00 0.00 0.00 0.00 0.00 0.00 0.00 14.29 2.22 0.00 0.00 6.67 2.00 12.50 0.00 0.00 0.00 0.00 0.00 0.00 12.50 0.00 0.00 0.00 0.00 0.00 2.35 306.67 0.00 0.00 0.00 0.00 2.94 12.50 10.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.00 5.00 53.85 70.00 215.38
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.33 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 2.94 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 6.25 0.00 0.00 6.67 14.29 4.44 16.67 0.00 6.67 2.00 12.50 8.00 0.00 0.00 0.00 0.00 0.00 12.50 0.00 4.00 5.88 0.00 2.00 7.06 468.33 0.00 0.00 0.00 0.00 2.94 12.50 10.00 10.00 0.00 0.00 0.00 0.00 0.00 0.29 1.54 12.00 16.00 69.23 163.33 246.15
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0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
9.09 60.00 11.43 25.00 8.89 20.00 80.00 57.14 142.22 108.33 51.85 66.67 112.00 25.00 12.00 1.67 10.00 21.05 560.00 153.33 829.17 485.71 1184.00 5.88 6.67 4.00 203.53 200.00 4.00 1.25 0.00 0.00 11.76 87.50 20.00 3.33 5.00 0.00 5.00 1.25 1.25 0.00 3.08 12.00 3.00 53.85 5.00 92.31
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 20.00 8.57 12.50 0.00 0.00 6.67 14.29 2.22 8.33 3.70 46.67 2.00 12.50 4.00 213.33 3.33 5.26 240.00 160.00 16.67 314.29 548.00 8.82 483.33 192.00 7.06 121.67 8.00 0.00 0.00 4.35 0.00 25.00 20.00 3.33 10.00 0.00 15.00 0.00 0.00 0.00 1.54 0.00 1.00 7.69 1.67 7.69
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 10.00 0.00 0.00 0.00 0.00 2.94 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.85 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4.55 60.00 5.71 12.50 4.44 0.00 0.00 14.29 88.89 66.67 44.44 33.33 0.00 0.00 16.00 3.33 3.33 0.00 5.00 0.00 125.00 400.00 480.00 8.82 0.00 0.00 1.18 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 3.33 92.31
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
31.82 160.00 28.57 50.00 13.33 70.00 93.33 85.71 237.78 191.67 100.00 153.33 116.00 37.50 36.00 221.67 20.00 26.32 815.00 320.00 983.33 1214.29 2218.00 35.29 490.00 196.00 212.94 330.00 12.00 4.38 2.50 4.35 11.76 112.50 40.00 146.67 25.00 3.33 20.00 5.00 7.50 0.29 6.15 12.00 5.00 65.38 10.00 192.31
5.00 4.00 4.00 3.00 2.00 2.00 3.00 3.00 4.00 4.00 3.00 4.00 3.00 2.00 4.00 4.00 4.00 2.00 4.00 3.00 6.00 4.00 5.00 6.00 2.00 2.00 4.00 5.00 2.00 3.00 1.00 1.00 1.00 2.00 2.00 5.00 3.00 1.00 2.00 3.00 3.00 1.00 3.00 1.00 3.00 3.00 3.00 3.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.14 0.00 0.00 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 2.86 0.00 0.00 0.00 66.67 185.71 8.89 25.00 3.70 0.00 6.00 12.50 12.00 6.67 10.00 0.00 20.00 0.00 125.00 228.57 258.00 123.53 440.00 170.00 3.53 255.00 0.00 0.00 0.00 0.00 2.94 0.00 0.00 6.67 0.00 0.00 5.00 0.00 0.00 0.00 3.08 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 6.25 0.00 10.00 13.33 28.57 0.00 0.00 3.70 6.67 0.00 0.00 8.00 3.33 0.00 0.00 15.00 13.33 16.67 14.29 0.00 2.94 6.67 0.00 4.71 6.67 0.00 0.00 2.50 0.00 5.88 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 4.00 7.69 1.67 7.69
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 20.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.18 0.00 0.00 0.00 0.00 0.00 0.00 25.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.94 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 7.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 12.50 0.00 0.00 0.00 0.00 15.00 13.33 0.00 0.00 2.00 2.94 10.00 0.00 1.18 1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 20.00 2.86 6.25 0.00 10.00 80.00 214.29 8.89 25.00 7.41 13.33 14.00 25.00 20.00 11.67 10.00 0.00 50.00 26.67 154.17 257.14 260.00 129.41 460.00 170.00 10.59 273.33 0.00 0.00 2.50 0.00 11.76 25.00 0.00 10.00 0.00 3.33 5.00 0.00 0.00 0.00 3.08 4.00 4.00 7.69 1.67 7.69
0.00 1.00 1.00 1.00 0.00 1.00 2.00 2.00 1.00 1.00 2.00 2.00 4.00 2.00 2.00 3.00 1.00 0.00 3.00 2.00 3.00 4.00 2.00 3.00 4.00 1.00 4.00 7.00 0.00 0.00 1.00 0.00 3.00 1.00 0.00 2.00 0.00 1.00 1.00 0.00 0.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.33 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 12.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 15.38
0.00 20.00 0.00 0.00 0.00 0.00 0.00 0.00 2.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 5.26 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 60.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.33 0.00 6.67 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4.55 80.00 2.86 12.50 4.44 10.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 16.00 5.00 0.00 0.00 0.00 0.00 16.67 14.29 8.00 0.00 0.00 0.00 2.35 40.00 0.00 0.00 2.50 0.00 5.88 0.00 0.00 6.67 10.00 0.00 5.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 6.67 7.69
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.94 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.14 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4.55 160.00 2.86 12.50 4.44 10.00 0.00 0.00 2.22 8.33 0.00 20.00 4.00 0.00 16.00 5.00 3.33 5.26 0.00 0.00 25.00 14.29 8.00 2.94 3.33 0.00 2.35 41.67 0.00 0.00 2.50 0.00 5.88 12.50 0.00 6.67 10.00 0.00 5.00 0.00 0.00 1.14 0.00 4.00 0.00 0.00 13.33 23.08
1.00 3.00 1.00 1.00 1.00 1.00 0.00 0.00 1.00 1.00 0.00 3.00 2.00 0.00 1.00 1.00 1.00 1.00 0.00 0.00 2.00 1.00 1.00 1.00 1.00 0.00 1.00 2.00 0.00 0.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00 0.00 0.00 1.00 0.00 1.00 0.00 0.00 2.00 2.00
0.00 0.00 0.00 0.00 2.22 0.00 0.00 14.29 2.22 8.33 0.00 0.00 0.00 25.00 0.00 0.00 0.00 0.00 10.00 0.00 0.00 21.43 4.00 0.00 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 2.94 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00








Prunus padus seed/fruit uncharred
Rubus caesius seed/fruit uncharred
Rumex sanguineus flower uncharred
Rumex cf. sanguineus flower uncharred
Salix spec. capsule uncharred




Abies alba seed/fruit uncharred
Abies alba leaf charred
Abies alba leaf uncharred
Abies alba leaf semi-charred
Acer spec. seed/fruit uncharred
cf. Acer spec. seed/fruit uncharred
Ajuga reptans seed/fruit uncharred
Betula pendula/pubescens seed/fruit uncharred
Betula pendula/pubescens fruit whole uncharred
Betula pendula/pubescens bract uncharred
cf. Betula pendula/pubescens seed/fruit uncharred
Fagaceae pericarp uncharred
Ilex aquifolium seed/fruit uncharred
Ilex aquifolium leaf uncharred
Lamium galeobdolon s.l. seed/fruit uncharred
Milium effusum flower uncharred
cf. Milium effusum flower uncharred
Moehringia trinervia seed/fruit uncharred
Phyteuma spicatum seed/fruit uncharred
Phyteuma cf. spicatum seed/fruit uncharred
Picea abies leaf charred
Picea abies leaf uncharred
cf. Picea abies seed/fruit uncharred
cf. Picea abies leaf uncharred
cf. Picea spec. leaf uncharred
Sanicula europaea seed/fruit uncharred
Scrophularia nodosa/umbrosa seed/fruit uncharred
Stachys sylvatica seed/fruit uncharred
Stellaria cf. holostea seed/fruit uncharred
Taxus baccata leaf charred
Taxus baccata leaf uncharred
cf. Taxus baccata leaf uncharred
Tilia cf. cordata seed/fruit uncharred
Tilia platyphyllos seed/fruit uncharred
Tilia spec. seed/fruit uncharred
cf. Tilia spec. seed/fruit uncharred
Ulmus glabra seed/fruit uncharred
Viscum album s.l. seed/fruit uncharred
Viscum album s.l. leaf uncharred
density
number of taxa
woodland clearing edge, hedge, bush plants
Agrimonia eupatoria seed/fruit uncharred
Agrimonia procera seed/fruit uncharred
Agrimonia cf. procera seed/fruit uncharred
Agrimonia spec. seed/fruit uncharred
Agrimonia spec. flower uncharred
Calamintha menthifolia seed/fruit uncharred
Clinopodium vulgare seed/fruit uncharred
Cornus sanguinea seed/fruit charred
Cornus sanguinea seed/fruit uncharred
cf. Cornus sanguinea seed/fruit uncharred
Epilobium spec. seed/fruit uncharred
Fallopia dumetorum seed/fruit uncharred
Galeopsis cf. tetrahit seed/fruit uncharred
cf. Galeopsis spec. seed/fruit uncharred
Humulus lupulus seed/fruit uncharred
Hypericum perforatum seed/fruit uncharred
Hypericum cf. perforatum seed/fruit uncharred
Lapsana communis seed/fruit charred
Lapsana communis seed/fruit uncharred
Origanum vulgare seed/fruit uncharred
Prunus spec. seed/fruit uncharred
cf. Rosa spec. seed/fruit uncharred
Rubus spec. seed/fruit uncharred
Silene dioica seed/fruit uncharred
Viburnum lantana seed/fruit uncharred
cf. Viburnum lantana seed/fruit uncharred
Viburnum opulus seed/fruit uncharred
Viburnum spec. seed/fruit uncharred
density
number of taxa 16
grassland plants
cf. Agrostis spec. seed/fruit uncharred
Gentiana cruciata seed/fruit uncharred
Heracleum sphondylium seed/fruit uncharred
Hypericum cf. maculatum seed/fruit uncharred
Laserpitium siler seed/fruit uncharred
Leucanthemum cf. vulgare agg. seed/fruit uncharred
Medicago lupulina fruit uncharred
Poa pratensis/trivialis seed/fruit uncharred
Poa cf. pratensis/trivialis seed/fruit uncharred
cf. Poa pratensis/trivialis seed/fruit charred
cf. Poa pratensis/trivialis seed/fruit uncharred
Prunella vulgaris seed/fruit uncharred
Prunella cf. vulgaris seed/fruit uncharred
Rumex acetosa seed/fruit uncharred
Rumex acetosella agg. seed/fruit uncharred
Rumex acetosella agg. flower uncharred
Silene vulgaris seed/fruit uncharred
Taraxacum officinale agg. seed/fruit uncharred
Trifolium spec. seed/fruit charred
Trifolium spec. flower uncharred
cf. Trifolium spec. fruit uncharred
density
number of taxa
winter crop annual and flax weeds
Agrostemma githago seed/fruit uncharred
Aphanes arvensis seed/fruit uncharred
cf. Camelina spec. seed/fruit uncharred
Fallopia convolvulus seed/fruit uncharred
Silene cretica seed/fruit uncharred
Silene cf. cretica seed/fruit uncharred
Valerianella dentata seed/fruit uncharred
Valerianella locusta seed/fruit uncharred
Vicia hirsuta/tetrasperma seed/fruit uncharred
Viola tricolor agg. seed/fruit uncharred
density
number of taxa
profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile
0.22 0.05 0.35 0.16 0.45 0.10 0.15 0.07 0.45 0.12 0.27 0.15 0.50 0.08 0.25 0.60 0.30 0.19 0.20 0.15 0.24 0.14 0.50 0.34 0.30 0.50 0.85 0.60 0.25 1.60 0.40 0.23 0.34 0.08 0.10 0.30 0.20 0.30 0.20 0.80 0.80 3.50 0.65 0.25 1.00 0.26 0.60 0.13
O2 SL O2 OLA O2 L2 O1 SO O2 L1 O2 SO, O2 O2 SO O1 O1 OL O1 O1 SO O1 O2 O2 O2 O2 O1 O1 O1 SL OSLM OSLM OL L1 L2 OL OL O1 O2 OL OL O1 OL L1 O2 L1 OL L1 L1
U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U9 U9 U9 U9 U9 U9
46_25 46_26 46_27 46_28 46_29 46_30 46_31 46_32 46_33 46_34 46_35 46_36-37 45_4 45_5 67_5_1 67_5_2 67_6 67_7 67_8 67_9 67_10 67_11 67_12 73_8 73_9 73_10 73_11 73_12 88_13 88_14 88_15 89_8 89_9 89_10 89_11 96_16 96_17 96_18 96_19 96_20 92_1 92_2 89_12 89_13 89_14 89_15 89_16 89_17
4.55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 7.14 0.00 0.00 0.00 0.00 2.35 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.43 0.00 0.00 0.00 0.00 1.67 0.00
0.00 20.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 7.14 2.00 0.00 0.00 2.00 2.35 1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 15.38
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.94 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4.55 20.00 0.00 0.00 2.22 0.00 6.67 14.29 4.44 8.33 0.00 0.00 2.00 25.00 4.00 1.67 6.67 0.00 10.00 0.00 4.17 35.71 10.00 0.00 0.00 2.00 4.71 3.33 0.00 0.00 0.00 0.00 5.88 0.00 0.00 0.00 5.00 3.33 0.00 1.25 1.25 1.43 0.00 0.00 1.00 0.00 1.67 15.38
1.00 1.00 0.00 0.00 1.00 0.00 1.00 1.00 2.00 1.00 0.00 0.00 1.00 1.00 1.00 1.00 2.00 0.00 1.00 0.00 1.00 3.00 3.00 0.00 0.00 1.00 2.00 2.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 1.00 1.00 0.00 1.00 1.00 1.00 0.00 0.00 1.00 0.00 1.00 1.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00 0.00 32.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4.55 20.00 0.00 0.00 0.00 20.00 0.00 0.00 2.22 0.00 7.41 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.14 0.00 0.00 0.00 6.00 2.35 0.00 0.00 1.25 5.00 0.00 2.94 12.50 10.00 3.33 0.00 0.00 0.00 0.00 1.25 1.14 0.00 0.00 0.00 7.69 0.00 30.77
545.45 960.00 751.43 887.50 560.00 360.00 1380.00 1128.57 448.89 716.67 1922.22 360.00 688.00 100.00 684.00 1193.33 973.33 726.32 820.00 320.00 383.33 578.57 914.00 502.94 536.67 494.00 628.24 703.33 468.00 94.38 637.50 573.91 158.82 212.50 200.00 720.00 805.00 650.00 300.00 1271.25 1067.50 927.14 12.31 64.00 14.00 857.69 106.67 3284.62
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 14.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 3.75 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 20.00 0.00 0.00 0.00 0.00 0.00 28.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 5.88 0.00 0.00 1.18 1.67 4.00 0.00 0.00 4.35 0.00 0.00 0.00 6.67 0.00 0.00 5.00 0.00 1.25 0.29 0.00 4.00 0.00 0.00 1.67 0.00
0.00 0.00 0.00 0.00 2.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.22 0.00 3.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.26 0.00 6.67 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4.55 20.00 2.86 0.00 2.22 0.00 6.67 14.29 2.22 0.00 7.41 13.33 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.50 14.29 0.00 0.00 6.67 2.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 0.00 10.00 0.00 0.00 3.33 0.00 3.75 0.00 0.00 1.54 0.00 3.00 3.85 1.67 23.08
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.54 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
13.64 0.00 2.86 6.25 0.00 20.00 26.67 28.57 724.44 16.67 3.70 13.33 16.00 0.00 16.00 6.67 13.33 0.00 25.00 0.00 33.33 21.43 208.00 0.00 0.00 2.00 28.24 233.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 13.33 5.00 0.00 3.75 0.00 0.00 4.00 2.00 15.38 0.00 7.69
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
9.09 40.00 14.29 12.50 102.22 30.00 20.00 14.29 6.67 58.33 70.37 13.33 0.00 0.00 4.00 10.00 10.00 21.05 45.00 20.00 16.67 42.86 6.00 0.00 0.00 2.00 7.06 81.67 0.00 0.00 5.00 0.00 8.82 25.00 20.00 20.00 25.00 153.33 0.00 2.50 7.50 9.43 3.08 0.00 0.00 7.69 3.33 0.00
0.00 0.00 0.00 0.00 2.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.22 0.00 0.00 0.00 0.00 0.00 16.00 3.33 0.00 0.00 0.00 6.67 4.17 0.00 2.00 0.00 0.00 0.00 1.18 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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0.00 60.00 5.71 0.00 13.33 10.00 80.00 42.86 11.11 50.00 22.22 13.33 6.00 12.50 36.00 11.67 10.00 21.05 445.00 173.33 295.83 421.43 590.00 8.82 330.00 4.00 87.06 106.67 8.00 1.88 12.50 4.35 20.59 50.00 30.00 86.67 10.00 3.33 0.00 2.50 76.25 0.29 1.54 8.00 0.00 23.08 1.67 23.08
0.00 1.00 1.00 0.00 2.00 1.00 3.00 2.00 2.00 4.00 2.00 2.00 2.00 1.00 3.00 3.00 2.00 4.00 3.00 3.00 4.00 5.00 4.00 2.00 3.00 1.00 5.00 4.00 2.00 2.00 1.00 1.00 3.00 2.00 2.00 2.00 1.00 1.00 0.00 1.00 2.00 1.00 1.00 2.00 0.00 3.00 1.00 2.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4.55 20.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.94 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4.55 20.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 1.67 0.00 0.00 0.00 6.67 0.00 0.00 2.00 2.94 6.67 0.00 0.00 0.00 8.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00








summer crop annual weeds, annual ruderals
Aethusa cynapium seed/fruit uncharred
Arenaria serpyllifolia agg. seed/fruit uncharred
Arenaria serpyllifolia agg. capsule uncharred
Brassica rapa seed/fruit uncharred
Brassica/Sinapis seed/fruit uncharred
Chenopodium album seed/fruit uncharred
Chenopodium cf. album seed/fruit uncharred
Chenopodium polyspermum seed/fruit uncharred
Chenopodium cf. polyspermum seed/fruit uncharred
Chenopodiaceae seed/fruit uncharred
Chenopodium spec. seed/fruit uncharred
Digitaria cf. ischaemum seed/fruit uncharred
cf. Digitaria ischaemum seed/fruit uncharred
Digitaria sanguinalis flower uncharred
Digitaria spec. seed/fruit uncharred
cf. Digitaria spec. seed/fruit charred
cf. Digitaria spec. seed/fruit uncharred
Echinochloa crus-galli seed/fruit uncharred
Polygonum aviculare agg. seed/fruit charred
Polygonum aviculare agg. seed/fruit uncharred
Polygonum cf. aviculare agg. seed/fruit uncharred
Polygonum persicaria seed/fruit uncharred
Polygonum cf. persicaria seed/fruit uncharred
Solanum nigrum seed/fruit uncharred
Sonchus asper seed/fruit uncharred
Sonchus oleraceus seed/fruit uncharred
Sonchus asper/oleraceus seed/fruit uncharred
Stachys arvensis seed/fruit uncharred
Stellaria media agg. seed/fruit uncharred
Verbena officinalis seed/fruit charred




Arctium spec. seed/fruit uncharred
Arctium spec. flower charred
Arctium spec. flower uncharred
cf. Arctium spec. seed/fruit uncharred
Artemisia vulgaris seed/fruit uncharred
cf. Artemisia vulgaris seed/fruit uncharred
Daucus carota seed/fruit uncharred
Dipsacus fullonum/pilosus seed/fruit uncharred
Galium cf. aparine seed/fruit uncharred
Lamium maculatum seed/fruit uncharred
Malva sylvestris seed/fruit uncharred
Nepeta cataria seed/fruit uncharred
Rumex conglomeratus flower uncharred
Rumex crispus flower uncharred




Hordeum vulgare undiff. seed/fruit charred
Hordeum vulgare undiff. rachis segment charred
Hordeum vulgare undiff. rachis segment uncharred
Hordeum vulgare undiff. rachis segment semi-charred
Triticum dicoccum seed/fruit charred
Triticum dicoccum glume basis charred
Triticum dicoccum glume basis uncharred
Triticum dicoccum glume basis semi-charred
Triticum monococcum glume basis charred
Triticum monococcum glume basis uncharred
Triticum cf. monococcum glume basis uncharred
Triticum aestivum s.l./durum/turgidum seed/fruit charred
Triticum durum/turgidum rachis segment charred
Triticum durum/turgidum rachis segment uncharred
Triticum durum/turgidum rachis segment semi-charred
Triticum monococcum/dicoccum glume base charred
Triticum monococcum/dicoccum glume base uncharred
Cerealia indet. bran uncharred
Cerealia indet. seed/fruit charred
Cerealia indet. chaff charred
Cerealia indet. chaff uncharred
Cerealia indet. chaff semi-charred
Triticum spec. seed/fruit charred
Triticum spec. chaff charred
Triticum spec. chaff uncharred
Triticum spec. chaff semi-charred
density cereals all





Fabaceae pod stem uncharred
cf. Fabaceae pod uncharred
Pisum sativum seed/fruit charred
Pisum sativum seed/fruit uncharred




Linum usitatissimum seed/fruit charred
Linum usitatissimum seed/fruit uncharred
Linum usitatissimum seed/fruit semi-charred
Linum usitatissimum capsule uncharred
Linum usitatissimum capsule semi-charred
Linum usitatissimum capsule frg. charred
Linum usitatissimum capsule frg. uncharred
Linum usitatissimum capsule frg. semi-charred
Papaver somniferum seed/fruit charred
Papaver somniferum seed/fruit uncharred




Anethum graveolens seed/fruit uncharred
cf. Anethum graveolens seed/fruit uncharred




Corylus avellana seed/fruit charred
Corylus avellana seed/fruit uncharred
cf. Corylus avellana seed/fruit uncharred
Crataegus monogyna agg. seed/fruit uncharred
profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile
0.22 0.05 0.35 0.16 0.45 0.10 0.15 0.07 0.45 0.12 0.27 0.15 0.50 0.08 0.25 0.60 0.30 0.19 0.20 0.15 0.24 0.14 0.50 0.34 0.30 0.50 0.85 0.60 0.25 1.60 0.40 0.23 0.34 0.08 0.10 0.30 0.20 0.30 0.20 0.80 0.80 3.50 0.65 0.25 1.00 0.26 0.60 0.13
O2 SL O2 OLA O2 L2 O1 SO O2 L1 O2 SO, O2 O2 SO O1 O1 OL O1 O1 SO O1 O2 O2 O2 O2 O1 O1 O1 SL OSLM OSLM OL L1 L2 OL OL O1 O2 OL OL O1 OL L1 O2 L1 OL L1 L1
U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U9 U9 U9 U9 U9 U9
46_25 46_26 46_27 46_28 46_29 46_30 46_31 46_32 46_33 46_34 46_35 46_36-37 45_4 45_5 67_5_1 67_5_2 67_6 67_7 67_8 67_9 67_10 67_11 67_12 73_8 73_9 73_10 73_11 73_12 88_13 88_14 88_15 89_8 89_9 89_10 89_11 96_16 96_17 96_18 96_19 96_20 92_1 92_2 89_12 89_13 89_14 89_15 89_16 89_17
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
13.64 40.00 0.00 0.00 8.89 20.00 13.33 71.43 0.00 8.33 0.00 6.67 2.00 12.50 16.00 5.00 0.00 0.00 15.00 20.00 0.00 14.29 4.00 547.06 400.00 168.00 141.18 6.67 48.00 1.25 2.50 0.00 0.00 12.50 0.00 10.00 100.00 6.67 10.00 0.00 87.50 100.00 1.54 4.00 4.00 11.54 0.00 7.69
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.85 0.00 0.00
4.55 0.00 0.00 0.00 0.00 10.00 13.33 42.86 0.00 0.00 0.00 0.00 2.00 25.00 0.00 0.00 0.00 0.00 0.00 6.67 12.50 0.00 6.00 0.00 0.00 0.00 0.00 1.67 0.00 1.25 0.00 0.00 0.00 0.00 0.00 3.33 5.00 3.33 0.00 0.00 1.25 0.00 1.54 0.00 0.00 0.00 1.67 15.38
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.88 3.33 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 14.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4.55 0.00 8.57 0.00 0.00 0.00 0.00 0.00 6.67 58.33 3.70 0.00 2.00 0.00 0.00 133.33 3.33 0.00 240.00 186.67 425.00 314.29 608.00 5.88 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 23.08
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 256.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 20.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.94 0.00 10.00 3.33 0.00 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 3.85 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 10.00 0.00 28.57 4.44 8.33 0.00 13.33 0.00 0.00 4.00 1.67 0.00 0.00 10.00 6.67 8.33 28.57 160.00 2.94 3.33 2.00 3.53 133.33 0.00 0.00 0.00 4.35 0.00 12.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 20.00 0.00 6.25 0.00 10.00 0.00 14.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.33 0.00 4.00 0.00 0.00 0.00 1.18 5.00 0.00 1.25 0.00 0.00 2.94 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 20.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.17 14.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.85 0.00 0.00
0.00 20.00 2.86 12.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 4.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 2.00 0.00 6.67 2.00 1.18 0.00 0.00 0.00 2.50 0.00 2.94 37.50 10.00 3.33 5.00 0.00 0.00 2.50 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.29 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 20.00 0.00 0.00 2.22 30.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.50 4.00 0.00 0.00 10.53 15.00 0.00 8.33 0.00 8.00 2.94 6.67 4.00 4.71 1.67 8.00 0.00 0.00 4.35 0.00 0.00 30.00 0.00 0.00 0.00 5.00 0.00 1.25 0.29 0.00 4.00 1.00 0.00 0.00 7.69
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 3.85 0.00 0.00
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Crataegus spec. seed/fruit uncharred
cf. Crataegus spec. seed/fruit uncharred
Fagus sylvatica cupule uncharred
Fagus sylvatica pericarp uncharred
Fragaria vesca seed/fruit uncharred
Malus sylvestris seed/fruit charred
Malus sylvestris seed/fruit uncharred





cf. Malus/Pyrus stem uncharred
Malus/Pyrus stem charred
cf. Malus/Pyrus stem charred
cf. Pyrus spec. fruit flesh uncharred
Physalis alkekengi seed/fruit charred
Physalis alkekengi seed/fruit uncharred
Prunus cf. spinosa seed/fruit uncharred
Prunus spinosa seed/fruit uncharred
Quercus spec. seed/fruit charred
Quercus spec. seed/fruit uncharred
Quercus spec. cotyledon charred
Quercus spec. pericarp charred
Quercus spec. pericarp uncharred
Rosa spec. seed/fruit uncharred
Rubus fruticosus agg. seed/fruit charred
Rubus fruticosus agg. seed/fruit uncharred
Rubus fruticosus/idaeus seed/fruit uncharred
Rubus idaeus seed/fruit uncharred
Rubus idaeus seed/fruit semi-charred
Sambucus spec. seed/fruit charred
Sambucus spec. seed/fruit uncharred
Taxus baccata seed/fruit uncharred
Vaccinium cf. myrtillus seed/fruit uncharred




cf. Alopecurus spec. seed/fruit uncharred
Anagallis/Lysimachia seed/fruit uncharred







Bromus spec. seed/fruit charred
cf. Bromus spec. seed/fruit uncharred
Campanula rapunculoides/trachelium seed/fruit uncharred
Campanula spec. seed/fruit uncharred
cf. Campanula spec. seed/fruit uncharred
Campanulaceae seed/fruit uncharred
Cardamine spec. seed/fruit uncharred
Carex spec. seed/fruit uncharred
Caryophyllaceae seed/fruit uncharred
Cerastium spec. seed/fruit uncharred
cf. Cerastium spec. seed/fruit uncharred
Cirsium/Carduus seed/fruit uncharred
cf. Cirsium/Carduus seed/fruit uncharred
Crepis spec. seed/fruit uncharred





Galium spec. seed/fruit uncharred
Geum spec. seed/fruit uncharred
cf. Hordeum spec. fruit uncharred
Hypericum hirsutum seed/fruit uncharred
Hypericum spec. seed/fruit uncharred
cf. Hypericum spec. seed/fruit uncharred
Juncus spec. seed/fruit uncharred
Lamiaceae seed/fruit uncharred
Lamium spec. seed/fruit uncharred
Luzula spec. seed/fruit uncharred
cf. Luzula spec. seed/fruit uncharred
cf. Melica spec. seed/fruit uncharred
Mentha spec. seed/fruit charred




cf. Pinus spec. seed/fruit uncharred
Physalis/Solanum dulcamara seed/fruit uncharred
Poa spec. seed/fruit uncharred
cf. Poa spec. seed/fruit uncharred
Poaceae seed/fruit charred
Poaceae seed/fruit uncharred
Poaceae fruit large charred
Poaceae fruit large uncharred
Poaceae node charred
Poaceae chaff uncharred
cf.  Poaceae seed/fruit uncharred
cf. Poaceae bran uncharred





Polygonum lapathifolium/persicaria seed/fruit uncharred
Polygonum cf. minus/persicaria seed/fruit uncharred
Polygonum spec. seed/fruit uncharred
Potentilla spec. seed/fruit uncharred





Rumex conglomeratus/sanguineus seed/fruit uncharred
Rumex conglomeratus/sanguineus flower uncharred
Rumex spec. seed/fruit uncharred
Rumex spec. flower uncharred
cf. Rumex spec. flower uncharred
Scrophularia spec. seed/fruit uncharred
Scrophularia/Verbascum seed/fruit uncharred
Senecio spec. seed/fruit uncharred
Silene spec. seed/fruit uncharred
Solanaceae seed/fruit uncharred
Solanum spec. seed/fruit uncharred
Stachys spec. seed/fruit uncharred
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0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 16.00 0.00 0.00 5.26 0.00 13.33 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 1.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.69
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 14.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 10.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 25.00 0.00 0.00 0.00 0.00 12.00 1.67 0.00 0.00 0.00 6.67 0.00 28.57 0.00 2.94 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 20.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4.55 0.00 5.71 25.00 35.56 0.00 13.33 0.00 8.89 25.00 14.81 0.00 4.00 0.00 8.00 1.67 0.00 0.00 5.00 0.00 16.67 200.00 160.00 0.00 10.00 2.00 1.18 0.00 0.00 1.88 0.00 0.00 5.88 0.00 0.00 3.33 0.00 0.00 0.00 2.50 3.75 100.00 0.00 0.00 0.00 3.85 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.18 1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.85 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.94 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 13.33 0.00 0.00 8.00 0.00 3.33 0.00 10.00 0.00 4.17 14.29 192.00 0.00 0.00 0.00 3.53 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 20.00 0.00 0.00 0.00 0.00 13.33 10.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
13.64 40.00 0.00 0.00 0.00 0.00 13.33 0.00 2.22 0.00 0.00 0.00 2.00 0.00 16.00 0.00 0.00 5.26 0.00 220.00 12.50 314.29 6.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 2.50 0.00 0.00 0.00 0.00 0.00 10.00 3.33 0.00 1.25 1.25 0.29 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00 1.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 20.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 14.29 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 5.00 26.67 150.00 14.29 0.00 0.00 3.33 6.00 4.71 5.00 4.00 1.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.29 0.00 0.00 1.00 0.00 0.00 23.08
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.14 0.00 0.00 0.00 0.00 1.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 20.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.33 7.14 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.69
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 7.14 0.00 0.00 0.00 4.00 2.35 0.00 0.00 0.00 0.00 0.00 2.94 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00








Stellaria graminea/palustris seed/fruit uncharred
Stellaria spec. seed/fruit uncharred
cf. Teucrium spec. seed/fruit uncharred
Torilis spec. seed/fruit charred
Torilis spec. seed/fruit uncharred
cf. Vaccinium spec. seed/fruit uncharred
Viola spec. seed/fruit uncharred
Viola spec. capsule uncharred









number of taxa total
charred all density
semi-charred all density
profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile
0.22 0.05 0.35 0.16 0.45 0.10 0.15 0.07 0.45 0.12 0.27 0.15 0.50 0.08 0.25 0.60 0.30 0.19 0.20 0.15 0.24 0.14 0.50 0.34 0.30 0.50 0.85 0.60 0.25 1.60 0.40 0.23 0.34 0.08 0.10 0.30 0.20 0.30 0.20 0.80 0.80 3.50 0.65 0.25 1.00 0.26 0.60 0.13
O2 SL O2 OLA O2 L2 O1 SO O2 L1 O2 SO, O2 O2 SO O1 O1 OL O1 O1 SO O1 O2 O2 O2 O2 O1 O1 O1 SL OSLM OSLM OL L1 L2 OL OL O1 O2 OL OL O1 OL L1 O2 L1 OL L1 L1
U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U8 U9 U9 U9 U9 U9 U9
46_25 46_26 46_27 46_28 46_29 46_30 46_31 46_32 46_33 46_34 46_35 46_36-37 45_4 45_5 67_5_1 67_5_2 67_6 67_7 67_8 67_9 67_10 67_11 67_12 73_8 73_9 73_10 73_11 73_12 88_13 88_14 88_15 89_8 89_9 89_10 89_11 96_16 96_17 96_18 96_19 96_20 92_1 92_2 89_12 89_13 89_14 89_15 89_16 89_17
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00 5.26 0.00 220.00 0.00 7.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 21.43 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 0.00 0.00 0.00 0.00 0.00 0.00 7.69
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 4.44 0.00 0.00 14.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 5.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
145.45 160.00 334.29 143.75 308.89 40.00 253.33 200.00 28.89 158.33 70.37 93.33 14.00 50.00 500.00 536.67 36.67 200.00 895.00 1040.00 1058.33 1628.57 1540.00 1026.47 1980.00 872.00 748.24 760.00 60.00 8.13 75.00 4.35 55.88 250.00 20.00 96.67 35.00 10.00 20.00 5.00 17.50 102.29 4.62 16.00 6.00 84.62 30.00 230.77
6.00 5.00 3.00 5.00 4.00 3.00 6.00 5.00 6.00 5.00 8.00 6.00 5.00 4.00 11.00 11.00 6.00 5.00 11.00 12.00 15.00 21.00 13.00 9.00 10.00 8.00 10.00 12.00 4.00 5.00 4.00 1.00 4.00 4.00 2.00 5.00 3.00 3.00 1.00 3.00 9.00 7.00 2.00 3.00 3.00 5.00 4.00 8.00
0.00 0.00 0.00 6.25 0.00 0.00 20.00 42.86 0.00 0.00 7.41 0.00 0.00 0.00 0.00 0.00 10.00 0.00 0.00 0.00 4.17 0.00 2.00 0.00 0.00 12.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 25.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.00 0.00 0.00 5.00 15.38
0.00 240.00 8.57 31.25 28.89 0.00 100.00 128.57 26.67 33.33 88.89 40.00 6.00 0.00 12.00 0.00 0.00 0.00 40.00 246.67 225.00 135.71 20.00 17.65 23.33 10.00 14.12 41.67 0.00 0.00 0.00 0.00 32.35 75.00 0.00 13.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.00 8.00 34.62 3.33 53.85
0.00 0.00 0.00 0.00 0.00 0.00 33.33 14.29 0.00 0.00 3.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.14 0.00 2.94 0.00 12.00 1.18 8.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.00 0.00 0.00 1.25 2.50 0.57 0.00 0.00 0.00 3.85 0.00 23.08
0.00 240.00 8.57 37.50 28.89 0.00 153.33 185.71 26.67 33.33 100.00 40.00 6.00 0.00 12.00 0.00 10.00 0.00 40.00 246.67 229.17 142.86 22.00 20.59 23.33 34.00 15.29 50.00 0.00 0.00 0.00 0.00 32.35 100.00 0.00 13.33 10.00 0.00 0.00 1.25 2.50 0.57 0.00 24.00 8.00 38.46 8.33 92.31
4936.36 12700.00 10465.71 8793.75 11406.67 2150.00 7060.00 6771.43 7673.33 4650.00 5359.26 4893.33 9410.00 4450.00 21128.00 22898.33 23973.33 14494.74 28385.00 8966.67 15691.67 15228.57 20872.00 9400.00 17033.33 9640.00 11155.29 9250.00 7536.00 4366.88 8982.50 2217.39 4032.35 7287.50 2260.00 8896.67 8460.00 7370.00 3605.00 4373.75 8202.50 11723.14 413.85 2088.00 517.00 6153.85 1108.33 13030.77
42.00 44.00 36.00 31.00 36.00 31.00 42.00 39.00 42.00 39.00 44.00 51.00 51.00 35.00 60.00 63.00 41.00 35.00 54.00 55.00 73.00 72.00 75.00 60.00 50.00 47.00 66.00 74.00 40.00 41.00 35.00 21.00 34.00 32.00 27.00 50.00 34.00 33.00 26.00 29.00 50.00 38.00 24.00 26.00 32.00 37.00 31.00 43.00
27.27 440.00 20.00 143.75 115.56 110.00 266.67 228.57 35.56 50.00 59.26 140.00 30.00 75.00 264.00 165.00 66.67 584.21 470.00 386.67 258.33 350.00 366.00 23.53 53.33 280.00 167.06 46.67 1208.00 598.75 195.00 30.43 32.35 87.50 20.00 13.33 50.00 13.33 40.00 58.75 92.50 21.71 3.08 88.00 52.00 573.08 53.33 915.38




Chara spec. oog uncharred
Chara spec. oogK uncharred




Myriophyllum cf. spicatum seed/fruit uncharred
Najas flexilis seed/fruit uncharred
Najas minor seed/fruit uncharred
Najas intermedia/marina seed/fruit charred
Najas intermedia/marina seed/fruit uncharred
Najas intermedia/marina fruit whole uncharred
Najas spec. seed/fruit uncharred
Najas spec. leaf uncharred
Nuphar lutea seed/fruit uncharred
Nuphar spec. seed/fruit uncharred
cf. Nuphar spec. seed/fruit uncharred
Nymphaea spec. seed/fruit uncharred
cf. Nymphaea spec. seed/fruit uncharred
Nymphaeaceae seed/fruit uncharred
Potamogeton crispus seed/fruit uncharred
Potamogeton cf. crispus seed/fruit uncharred
Potamogeton natans seed/fruit uncharred
Potamogeton cf. natans seed/fruit uncharred
Potamogeton cf. obtusifolius seed/fruit uncharred
Potamogeton spec. seed/fruit uncharred
Trapa natans seed/fruit uncharred
density
number of taxa
reed bed and sedge swamp plants
Alisma plantago-aquatica seed/fruit uncharred
Alisma spec. seed/fruit uncharred
Cicuta virosa seed/fruit uncharred
Cladium mariscus seed/fruit uncharred
Eleocharis palustris agg. seed/fruit uncharred
Eleocharis spec. seed/fruit uncharred
cf. Glyceria spec. seed/fruit uncharred
Lycopus europaeus seed/fruit uncharred
Mentha aquatica seed/fruit uncharred
Phragmites australis seed/fruit uncharred
cf. Phragmites australis seed/fruit uncharred
Poa palustris seed/fruit uncharred
cf. Poa palustris seed/fruit charred
Schoenoplectus lacustris seed/fruit uncharred
Schoenoplectus cf. lacustris seed/fruit uncharred
Schoenoplectus spec. seed/fruit uncharred
cf. Schoenoplectus spec. seed/fruit uncharred




cf. Deschampsia cespitosa seed/fruit uncharred
Filipendula ulmaria seed/fruit uncharred
cf. Filipendula ulmaria seed/fruit uncharred
Hypericum tetrapterum seed/fruit uncharred
Linum catharticum seed/fruit uncharred
Lythrum salicaria seed/fruit charred
Lythrum salicaria seed/fruit uncharred
Mentha arvensis seed/fruit uncharred
Molinia caerulea seed/fruit uncharred
cf. Molinia caerulea seed/fruit uncharred
Molinia arundinacea seed/fruit uncharred
cf. Molinia arundinacea seed/fruit uncharred
Plantago major s.l. seed/fruit uncharred
Potentilla reptans seed/fruit uncharred
Ranunculus cf. repens seed/fruit uncharred
Scirpus sylvaticus seed/fruit uncharred
Valeriana dioica seed/fruit uncharred
Veronica spec. seed/fruit uncharred
cf. Veronica spec. seed/fruit uncharred
density
number of taxa
shoreline pioneers incl. shore weeds
Bidens cernua seed/fruit uncharred
Bidens cf. tripartita seed/fruit uncharred
Bidens spec. seed/fruit uncharred
Cyperus fuscus seed/fruit uncharred
Cyperus spec. seed/fruit uncharred
Cyperus/Scirpus seed/fruit uncharred
Hypericum cf. humifusum seed/fruit uncharred
Myosoton aquaticum/Stellaria nemorum seed/fruit uncharred
Polygonum hydropiper seed/fruit uncharred
Polygonum cf. hydropiper seed/fruit uncharred
Polygonum lapathifolium agg. seed/fruit uncharred
Polygonum cf. lapathifolium agg. seed/fruit uncharred
Polygonum minus seed/fruit uncharred
Polygonum mite seed/fruit uncharred
Polygonum mite/minus seed/fruit uncharred
Ranunculus sceleratus seed/fruit uncharred
Torilis japonica seed/fruit uncharred
Torilis cf. japonica seed/fruit uncharred




Cardamine cf. flexuosa seed/fruit uncharred
Chrysosplenium alternifolium seed/fruit uncharred
Eupatorium cannabinum seed/fruit uncharred
Mentha aquatica/arvensis seed/fruit uncharred
Poa nemoralis/palustris/(compressa) seed/fruit uncharred
Poa cf. nemoralis/palustris/(compressa) seed/fruit uncharred
cf. Poa nemoralis/palustris/(compressa) seed/fruit uncharred
density
number of taxa
riparian woodland and carr plants
Alnus cf. glutinosa seed/fruit uncharred
Alnus spec. seed/fruit uncharred
Alnus spec. bract uncharred
Alnus spec. cone (female) uncharred
cf. Alnus spec. seed/fruit uncharred
Circaea lutetiana seed/fruit uncharred
Circaea spec. seed/fruit uncharred
Clematis vitalba seed/fruit uncharred
Frangula alnus seed/fruit uncharred
cf. Frangula alnus seed/fruit uncharred
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U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U10 U10 U10 U10 U10 U10 U10, U9 U11 U11 U11 U11 U12 U12 U12, U11 U13 U13 U13 U13 U13 U13 U13 U13 U13 U13 U13 U13 U13 U13 U14 U14 U14 U14
89_18 92_3 92_4 92_5 92_6 92_7 101_1 101_2 101_3 101_4-7 101_8 101_9 101_10-11 101_12 101_13 101_14-16 101_17 45_6 67_13 73_13 73_14 89_19 101_20-21 101_18-19 45_7 45_8-9 45_10 89_20 45_11 73_15 101_22 45_12 45_13 45_14 45_15 45_16 45_17 45_18 45_19 67_14 67_15 67_16 67_17 73_16 101_23 45_20 45_21 45_22 45_23
46.15 1.00 0.00 0.00 0.00 0.67 42.86 14.29 10.00 3.33 2.50 13.33 3.33 20.00 3.64 5.00 10.00 4.00 180.00 871.43 647.62 36.00 160.00 1.11 0.00 60.00 10.91 525.00 60.00 634.48 656.36 97.50 213.33 220.00 693.33 733.33 1140.00 1906.67 2126.67 333.33 2600.00 933.33 3445.28 4414.29 1890.00 3315.00 2177.78 906.36 690.00
223.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 21.82 6.67 65.00 4.00 340.00 1946.43 2266.67 76.00 240.00 13.33 0.00 8.00 5.45 656.25 10.00 206.90 570.91 0.00 13.33 180.00 1070.00 393.33 1640.00 2920.00 3260.00 288.89 1700.00 755.56 1105.66 1785.71 1983.33 880.00 204.44 1031.82 632.50
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 60.00 3.57 133.33 0.00 2.86 0.00 0.00 0.00 3.64 0.00 13.33 0.00 230.91 67.50 6.67 20.00 70.00 130.00 353.33 320.00 2226.67 83.33 250.00 166.67 867.92 114.29 546.67 405.00 8.89 21.82 2.50
269.23 1.00 0.00 0.00 0.00 0.67 42.86 14.29 10.00 3.33 2.50 13.33 3.33 20.00 25.45 11.67 75.00 8.00 580.00 2821.43 3047.62 112.00 402.86 14.44 0.00 68.00 20.00 1181.25 83.33 841.38 1458.18 165.00 233.33 420.00 1833.33 1256.67 3133.33 5146.67 7613.33 705.56 4550.00 1855.56 5418.87 6314.29 4420.00 4600.00 2391.11 1960.00 1325.00
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0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.56 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.83 0.00 0.00 0.00 0.00 0.00 5.00 0.00 40.00 10.71 4.76 0.00 1.43 0.00 0.00 0.00 0.00 0.00 0.00 1.72 101.82 52.50 200.00 290.00 840.00 146.67 100.00 20.00 40.00 22.22 100.00 16.67 301.89 171.43 66.67 5.00 0.00 19.09 5.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.83 0.00 0.00 0.00 0.00 0.00 825.00 48.00 40.00 0.00 2.38 0.00 737.14 20.00 50.00 8.00 27.27 0.00 416.67 0.00 192.73 67.50 0.00 10.00 380.00 30.00 3.33 6.67 0.00 11.11 0.00 100.00 60.38 3.57 93.33 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 6.67 0.00 0.00 0.00 0.00 7.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 32.50 4.00 60.00 7.14 19.05 0.00 80.00 3.33 12.50 8.00 5.45 1.25 113.33 12.07 183.64 1097.50 793.33 390.00 1353.33 160.00 123.33 26.67 13.33 61.11 100.00 77.78 284.91 310.71 50.00 0.00 0.00 1.82 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.82 0.00 35.00 0.00 0.00 7.14 7.14 0.00 8.57 1.11 0.00 4.00 1.82 0.00 16.67 3.45 30.91 157.50 100.00 95.00 110.00 46.67 6.67 0.00 0.00 44.44 100.00 11.11 126.42 3.57 163.33 2.50 0.00 0.91 2.50
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 270.00 160.00 60.00 13.33 30.00 10.00 0.00 6.67 0.00 0.00 0.00 3.77 14.29 0.00 0.00 0.00 0.00 0.00
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0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 114.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.76 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 2.50 6.67 0.00 0.00 0.00 3.33 6.67 0.00 0.00 0.00 0.00 1.89 3.57 0.00 0.00 0.00 0.00 0.00
0.00 1.00 13.33 0.00 2.00 2.00 0.00 0.00 5.00 0.00 0.83 6.67 0.00 4.44 3.64 6.67 15.00 0.00 20.00 1285.71 211.90 4.00 1.43 1.11 12.50 8.00 1.82 0.00 6.67 84.48 1.82 55.00 93.33 5.00 3.33 3.33 3.33 6.67 0.00 66.67 0.00 38.89 7.55 10.71 0.00 0.00 0.00 0.00 0.00
0.00 1.00 1.00 0.00 1.00 1.00 0.00 0.00 4.00 0.00 1.00 2.00 0.00 1.00 1.00 2.00 3.00 0.00 1.00 4.00 4.00 1.00 1.00 1.00 1.00 2.00 1.00 0.00 2.00 2.00 1.00 5.00 3.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 0.00 3.00 3.00 3.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.50 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 11.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.83 3.33 0.00 0.00 1.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 1.82 0.00 0.00 0.00 1.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.83 0.00 0.00 0.00 0.00 0.00 2.50 0.00 0.00 0.00 2.38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.56 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 1.00 13.33 0.00 4.00 1.33 0.00 0.00 0.00 0.00 0.00 3.33 0.00 2.22 0.00 0.00 0.00 4.00 0.00 10.71 0.00 0.00 2.86 0.00 37.50 0.00 3.64 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 16.67 50.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 20.00 0.00 0.00 0.00 0.00 1.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 1.00 13.33 0.00 4.00 1.33 0.00 0.00 2.00 0.00 1.67 6.67 0.00 2.22 1.82 0.00 2.50 4.00 20.00 10.71 2.38 0.00 2.86 1.11 50.00 4.00 5.45 0.00 3.33 0.00 1.82 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 27.78 50.00 5.56 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 1.00 1.00 0.00 1.00 1.00 0.00 0.00 1.00 0.00 2.00 2.00 0.00 1.00 1.00 0.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 1.00 2.00 1.00 2.00 0.00 1.00 0.00 1.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 1.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 2.86 2.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 20.00 3.57 0.00 0.00 1.43 0.00 25.00 8.00 1.82 0.00 0.00 0.00 3.64 67.50 80.00 410.00 83.33 206.67 46.67 120.00 160.00 0.00 0.00 5.56 7.55 0.00 6.67 45.00 4.44 38.18 2.50
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.56 0.00 0.00 6.67 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.82 0.00 0.00 0.00 0.00 62.50 20.00 90.00 30.00 223.33 63.33 0.00 6.67 0.00 0.00 11.11 0.00 0.00 0.00 0.00 31.11 10.00 85.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 0.00 0.00 0.00 0.00 3.33 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00








Prunus padus seed/fruit uncharred
Rubus caesius seed/fruit uncharred
Rumex sanguineus flower uncharred
Rumex cf. sanguineus flower uncharred
Salix spec. capsule uncharred




Abies alba seed/fruit uncharred
Abies alba leaf charred
Abies alba leaf uncharred
Abies alba leaf semi-charred
Acer spec. seed/fruit uncharred
cf. Acer spec. seed/fruit uncharred
Ajuga reptans seed/fruit uncharred
Betula pendula/pubescens seed/fruit uncharred
Betula pendula/pubescens fruit whole uncharred
Betula pendula/pubescens bract uncharred
cf. Betula pendula/pubescens seed/fruit uncharred
Fagaceae pericarp uncharred
Ilex aquifolium seed/fruit uncharred
Ilex aquifolium leaf uncharred
Lamium galeobdolon s.l. seed/fruit uncharred
Milium effusum flower uncharred
cf. Milium effusum flower uncharred
Moehringia trinervia seed/fruit uncharred
Phyteuma spicatum seed/fruit uncharred
Phyteuma cf. spicatum seed/fruit uncharred
Picea abies leaf charred
Picea abies leaf uncharred
cf. Picea abies seed/fruit uncharred
cf. Picea abies leaf uncharred
cf. Picea spec. leaf uncharred
Sanicula europaea seed/fruit uncharred
Scrophularia nodosa/umbrosa seed/fruit uncharred
Stachys sylvatica seed/fruit uncharred
Stellaria cf. holostea seed/fruit uncharred
Taxus baccata leaf charred
Taxus baccata leaf uncharred
cf. Taxus baccata leaf uncharred
Tilia cf. cordata seed/fruit uncharred
Tilia platyphyllos seed/fruit uncharred
Tilia spec. seed/fruit uncharred
cf. Tilia spec. seed/fruit uncharred
Ulmus glabra seed/fruit uncharred
Viscum album s.l. seed/fruit uncharred
Viscum album s.l. leaf uncharred
density
number of taxa
woodland clearing edge, hedge, bush plants
Agrimonia eupatoria seed/fruit uncharred
Agrimonia procera seed/fruit uncharred
Agrimonia cf. procera seed/fruit uncharred
Agrimonia spec. seed/fruit uncharred
Agrimonia spec. flower uncharred
Calamintha menthifolia seed/fruit uncharred
Clinopodium vulgare seed/fruit uncharred
Cornus sanguinea seed/fruit charred
Cornus sanguinea seed/fruit uncharred
cf. Cornus sanguinea seed/fruit uncharred
Epilobium spec. seed/fruit uncharred
Fallopia dumetorum seed/fruit uncharred
Galeopsis cf. tetrahit seed/fruit uncharred
cf. Galeopsis spec. seed/fruit uncharred
Humulus lupulus seed/fruit uncharred
Hypericum perforatum seed/fruit uncharred
Hypericum cf. perforatum seed/fruit uncharred
Lapsana communis seed/fruit charred
Lapsana communis seed/fruit uncharred
Origanum vulgare seed/fruit uncharred
Prunus spec. seed/fruit uncharred
cf. Rosa spec. seed/fruit uncharred
Rubus spec. seed/fruit uncharred
Silene dioica seed/fruit uncharred
Viburnum lantana seed/fruit uncharred
cf. Viburnum lantana seed/fruit uncharred
Viburnum opulus seed/fruit uncharred
Viburnum spec. seed/fruit uncharred
density
number of taxa 16
grassland plants
cf. Agrostis spec. seed/fruit uncharred
Gentiana cruciata seed/fruit uncharred
Heracleum sphondylium seed/fruit uncharred
Hypericum cf. maculatum seed/fruit uncharred
Laserpitium siler seed/fruit uncharred
Leucanthemum cf. vulgare agg. seed/fruit uncharred
Medicago lupulina fruit uncharred
Poa pratensis/trivialis seed/fruit uncharred
Poa cf. pratensis/trivialis seed/fruit uncharred
cf. Poa pratensis/trivialis seed/fruit charred
cf. Poa pratensis/trivialis seed/fruit uncharred
Prunella vulgaris seed/fruit uncharred
Prunella cf. vulgaris seed/fruit uncharred
Rumex acetosa seed/fruit uncharred
Rumex acetosella agg. seed/fruit uncharred
Rumex acetosella agg. flower uncharred
Silene vulgaris seed/fruit uncharred
Taraxacum officinale agg. seed/fruit uncharred
Trifolium spec. seed/fruit charred
Trifolium spec. flower uncharred
cf. Trifolium spec. fruit uncharred
density
number of taxa
winter crop annual and flax weeds
Agrostemma githago seed/fruit uncharred
Aphanes arvensis seed/fruit uncharred
cf. Camelina spec. seed/fruit uncharred
Fallopia convolvulus seed/fruit uncharred
Silene cretica seed/fruit uncharred
Silene cf. cretica seed/fruit uncharred
Valerianella dentata seed/fruit uncharred
Valerianella locusta seed/fruit uncharred
Vicia hirsuta/tetrasperma seed/fruit uncharred
Viola tricolor agg. seed/fruit uncharred
density
number of taxa
profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile
0.13 1.00 0.15 0.70 0.50 1.50 0.14 0.14 1.00 0.30 1.20 0.30 0.30 0.45 0.55 0.60 0.40 0.25 0.05 0.28 0.42 0.25 0.70 0.90 0.08 0.25 0.55 0.80 0.30 0.58 0.55 0.40 0.15 0.20 0.30 0.30 0.30 0.15 0.15 0.18 0.02 0.18 0.53 0.28 0.30 0.40 0.45 1.10 0.40
L1 L2 O2 L1 OS L1 L1 O2 L1 OL L1 L1 O2 L1 L1 O2 L1 MO2 OS O2S O1 O2 MO3, SM MO1, OS SL O2 L2 L1 MO2 O2 SM O1 SO O1 SO M2 M1 M1 M2 O2 OSA OL M3 OS M1 M1 M2 M1 M2
U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U10 U10 U10 U10 U10 U10 U10, U9 U11 U11 U11 U11 U12 U12 U12, U11 U13 U13 U13 U13 U13 U13 U13 U13 U13 U13 U13 U13 U13 U13 U14 U14 U14 U14
89_18 92_3 92_4 92_5 92_6 92_7 101_1 101_2 101_3 101_4-7 101_8 101_9 101_10-11 101_12 101_13 101_14-16 101_17 45_6 67_13 73_13 73_14 89_19 101_20-21 101_18-19 45_7 45_8-9 45_10 89_20 45_11 73_15 101_22 45_12 45_13 45_14 45_15 45_16 45_17 45_18 45_19 67_14 67_15 67_16 67_17 73_16 101_23 45_20 45_21 45_22 45_23
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 40.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 7.50
0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.83 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 1.00 0.00 1.43 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.89 0.00 3.33 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.67 0.00 0.00 0.00 0.00 0.83 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00
0.00 1.00 6.67 4.29 2.00 0.67 0.00 0.00 1.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 0.00 4.00 60.00 7.14 0.00 0.00 1.43 0.00 25.00 12.00 3.64 0.00 0.00 0.00 3.64 142.50 100.00 500.00 113.33 443.33 113.33 120.00 173.33 0.00 0.00 22.22 9.43 0.00 20.00 45.00 42.22 48.18 97.50
0.00 1.00 1.00 2.00 1.00 1.00 0.00 0.00 1.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 2.00 2.00 0.00 0.00 1.00 0.00 1.00 2.00 1.00 0.00 0.00 0.00 1.00 2.00 1.00 1.00 1.00 3.00 2.00 1.00 2.00 0.00 0.00 1.00 2.00 0.00 3.00 1.00 2.00 1.00 3.00
0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7.69 0.00 0.00 0.00 2.00 2.00 0.00 0.00 1.00 10.00 0.83 6.67 3.33 0.00 0.00 0.00 2.50 4.00 20.00 0.00 2.38 8.00 0.00 0.00 0.00 4.00 3.64 0.00 10.00 0.00 1.82 5.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 5.56 100.00 0.00 3.77 0.00 3.33 0.00 0.00 0.00 0.00
369.23 364.00 1140.00 354.29 622.00 50.00 100.00 642.86 59.00 653.33 113.33 216.67 903.33 71.11 52.73 530.00 345.00 220.00 400.00 457.14 500.00 132.00 298.57 113.33 12.50 300.00 54.55 3.75 146.67 455.17 60.00 115.00 140.00 50.00 10.00 36.67 13.33 13.33 60.00 350.00 200.00 700.00 88.68 207.14 36.67 5.00 0.00 0.00 0.00
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0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7.69 0.00 0.00 0.00 0.00 0.67 0.00 0.00 0.00 3.33 0.00 3.33 3.33 2.22 0.00 0.00 0.00 0.00 20.00 0.00 2.38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.72 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7.69 1.00 6.67 0.00 0.00 0.67 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00 0.00 80.00 10.71 0.00 0.00 45.71 0.00 0.00 8.00 1.82 0.00 13.33 0.00 9.09 2.50 26.67 15.00 0.00 0.00 6.67 20.00 0.00 22.22 0.00 11.11 26.42 3.57 3.33 0.00 0.00 0.00 0.00
0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 3.33 0.00 0.00 0.00 5.56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7.69 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 1.82 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 1.67 0.00 0.00 0.00 7.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.17 0.00 7.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.89 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
38.46 7.00 13.33 0.00 0.00 2.00 0.00 0.00 1.00 10.00 0.00 6.67 10.00 6.67 3.64 5.00 5.00 4.00 220.00 382.14 185.71 4.00 51.43 0.00 12.50 32.00 10.91 0.00 36.67 13.79 20.00 32.50 193.33 45.00 16.67 10.00 16.67 33.33 6.67 100.00 150.00 116.67 35.85 10.71 6.67 0.00 0.00 0.91 0.00
5.00 3.00 2.00 0.00 0.00 3.00 0.00 0.00 1.00 3.00 0.00 2.00 3.00 3.00 1.00 3.00 1.00 1.00 4.00 5.00 6.00 1.00 2.00 0.00 1.00 4.00 3.00 0.00 5.00 3.00 4.00 8.00 5.00 4.00 3.00 3.00 3.00 2.00 1.00 5.00 1.00 3.00 3.00 2.00 2.00 0.00 0.00 1.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.50 16.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 1.00 0.00 1.43 0.00 1.33 0.00 7.14 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.89 0.00 0.00 0.00 0.00 0.00 0.00
0.00 2.00 13.33 2.86 6.00 0.00 7.14 0.00 1.00 0.00 1.67 3.33 10.00 4.44 1.82 3.33 5.00 0.00 0.00 114.29 0.00 8.00 2.86 1.11 12.50 12.00 0.00 0.00 0.00 3.45 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 6.67 50.00 0.00 16.67 0.00 0.00 0.00 0.00 0.00 0.91 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 28.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.64 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.73 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.14 1.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 2.50 4.00 0.00 203.57 209.52 0.00 1.43 0.00 0.00 0.00 1.82 0.00 10.00 68.97 0.00 2.50 6.67 0.00 0.00 0.00 0.00 0.00 0.00 5.56 0.00 5.56 1.89 0.00 0.00 0.00 2.22 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 20.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 2.86 0.00 0.00 0.00 21.43 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 4.76 0.00 0.00 1.11 12.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.57 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 1.43 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 3.00 13.33 8.57 6.00 1.33 7.14 71.43 4.00 0.00 1.67 10.00 10.00 4.44 1.82 5.00 7.50 4.00 20.00 317.86 216.67 8.00 4.29 2.22 37.50 28.00 14.55 0.00 10.00 72.41 3.64 2.50 20.00 5.00 0.00 0.00 0.00 0.00 6.67 55.56 0.00 22.22 3.77 3.57 0.00 0.00 2.22 0.91 0.00
0.00 2.00 1.00 3.00 1.00 1.00 1.00 5.00 4.00 0.00 1.00 3.00 1.00 1.00 1.00 2.00 2.00 1.00 1.00 2.00 3.00 1.00 2.00 2.00 3.00 2.00 2.00 0.00 1.00 2.00 1.00 1.00 3.00 1.00 0.00 0.00 0.00 0.00 1.00 2.00 0.00 2.00 2.00 1.00 0.00 0.00 1.00 1.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 20.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.82 0.00 0.00 1.72 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 1.00 0.00 1.43 0.00 0.00 0.00 0.00 3.00 0.00 0.00 0.00 0.00 0.00 3.64 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 1.00 0.00 1.43 0.00 0.00 0.00 0.00 3.00 0.00 0.00 0.00 0.00 0.00 3.64 0.00 0.00 0.00 20.00 0.00 2.38 0.00 0.00 1.11 0.00 0.00 1.82 0.00 0.00 1.72 1.82 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00








summer crop annual weeds, annual ruderals
Aethusa cynapium seed/fruit uncharred
Arenaria serpyllifolia agg. seed/fruit uncharred
Arenaria serpyllifolia agg. capsule uncharred
Brassica rapa seed/fruit uncharred
Brassica/Sinapis seed/fruit uncharred
Chenopodium album seed/fruit uncharred
Chenopodium cf. album seed/fruit uncharred
Chenopodium polyspermum seed/fruit uncharred
Chenopodium cf. polyspermum seed/fruit uncharred
Chenopodiaceae seed/fruit uncharred
Chenopodium spec. seed/fruit uncharred
Digitaria cf. ischaemum seed/fruit uncharred
cf. Digitaria ischaemum seed/fruit uncharred
Digitaria sanguinalis flower uncharred
Digitaria spec. seed/fruit uncharred
cf. Digitaria spec. seed/fruit charred
cf. Digitaria spec. seed/fruit uncharred
Echinochloa crus-galli seed/fruit uncharred
Polygonum aviculare agg. seed/fruit charred
Polygonum aviculare agg. seed/fruit uncharred
Polygonum cf. aviculare agg. seed/fruit uncharred
Polygonum persicaria seed/fruit uncharred
Polygonum cf. persicaria seed/fruit uncharred
Solanum nigrum seed/fruit uncharred
Sonchus asper seed/fruit uncharred
Sonchus oleraceus seed/fruit uncharred
Sonchus asper/oleraceus seed/fruit uncharred
Stachys arvensis seed/fruit uncharred
Stellaria media agg. seed/fruit uncharred
Verbena officinalis seed/fruit charred




Arctium spec. seed/fruit uncharred
Arctium spec. flower charred
Arctium spec. flower uncharred
cf. Arctium spec. seed/fruit uncharred
Artemisia vulgaris seed/fruit uncharred
cf. Artemisia vulgaris seed/fruit uncharred
Daucus carota seed/fruit uncharred
Dipsacus fullonum/pilosus seed/fruit uncharred
Galium cf. aparine seed/fruit uncharred
Lamium maculatum seed/fruit uncharred
Malva sylvestris seed/fruit uncharred
Nepeta cataria seed/fruit uncharred
Rumex conglomeratus flower uncharred
Rumex crispus flower uncharred




Hordeum vulgare undiff. seed/fruit charred
Hordeum vulgare undiff. rachis segment charred
Hordeum vulgare undiff. rachis segment uncharred
Hordeum vulgare undiff. rachis segment semi-charred
Triticum dicoccum seed/fruit charred
Triticum dicoccum glume basis charred
Triticum dicoccum glume basis uncharred
Triticum dicoccum glume basis semi-charred
Triticum monococcum glume basis charred
Triticum monococcum glume basis uncharred
Triticum cf. monococcum glume basis uncharred
Triticum aestivum s.l./durum/turgidum seed/fruit charred
Triticum durum/turgidum rachis segment charred
Triticum durum/turgidum rachis segment uncharred
Triticum durum/turgidum rachis segment semi-charred
Triticum monococcum/dicoccum glume base charred
Triticum monococcum/dicoccum glume base uncharred
Cerealia indet. bran uncharred
Cerealia indet. seed/fruit charred
Cerealia indet. chaff charred
Cerealia indet. chaff uncharred
Cerealia indet. chaff semi-charred
Triticum spec. seed/fruit charred
Triticum spec. chaff charred
Triticum spec. chaff uncharred
Triticum spec. chaff semi-charred
density cereals all





Fabaceae pod stem uncharred
cf. Fabaceae pod uncharred
Pisum sativum seed/fruit charred
Pisum sativum seed/fruit uncharred




Linum usitatissimum seed/fruit charred
Linum usitatissimum seed/fruit uncharred
Linum usitatissimum seed/fruit semi-charred
Linum usitatissimum capsule uncharred
Linum usitatissimum capsule semi-charred
Linum usitatissimum capsule frg. charred
Linum usitatissimum capsule frg. uncharred
Linum usitatissimum capsule frg. semi-charred
Papaver somniferum seed/fruit charred
Papaver somniferum seed/fruit uncharred




Anethum graveolens seed/fruit uncharred
cf. Anethum graveolens seed/fruit uncharred




Corylus avellana seed/fruit charred
Corylus avellana seed/fruit uncharred
cf. Corylus avellana seed/fruit uncharred
Crataegus monogyna agg. seed/fruit uncharred
profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile
0.13 1.00 0.15 0.70 0.50 1.50 0.14 0.14 1.00 0.30 1.20 0.30 0.30 0.45 0.55 0.60 0.40 0.25 0.05 0.28 0.42 0.25 0.70 0.90 0.08 0.25 0.55 0.80 0.30 0.58 0.55 0.40 0.15 0.20 0.30 0.30 0.30 0.15 0.15 0.18 0.02 0.18 0.53 0.28 0.30 0.40 0.45 1.10 0.40
L1 L2 O2 L1 OS L1 L1 O2 L1 OL L1 L1 O2 L1 L1 O2 L1 MO2 OS O2S O1 O2 MO3, SM MO1, OS SL O2 L2 L1 MO2 O2 SM O1 SO O1 SO M2 M1 M1 M2 O2 OSA OL M3 OS M1 M1 M2 M1 M2
U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U10 U10 U10 U10 U10 U10 U10, U9 U11 U11 U11 U11 U12 U12 U12, U11 U13 U13 U13 U13 U13 U13 U13 U13 U13 U13 U13 U13 U13 U13 U14 U14 U14 U14
89_18 92_3 92_4 92_5 92_6 92_7 101_1 101_2 101_3 101_4-7 101_8 101_9 101_10-11 101_12 101_13 101_14-16 101_17 45_6 67_13 73_13 73_14 89_19 101_20-21 101_18-19 45_7 45_8-9 45_10 89_20 45_11 73_15 101_22 45_12 45_13 45_14 45_15 45_16 45_17 45_18 45_19 67_14 67_15 67_16 67_17 73_16 101_23 45_20 45_21 45_22 45_23
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
15.38 28.00 13.33 2.86 6.00 42.67 35.71 0.00 10.00 0.00 1.67 3.33 0.00 4.44 5.45 1.67 0.00 8.00 0.00 114.29 9.52 0.00 1.43 0.00 0.00 0.00 0.00 0.00 0.00 68.97 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 5.56 0.00 0.00 1.89 0.00 0.00 0.00 0.00 0.91 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 24.00 33.33 0.00 2.00 0.00 0.00 7.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.00 0.00 71.43 4.76 0.00 0.00 0.00 12.50 8.00 0.00 0.00 0.00 0.00 0.00 5.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 5.56 0.00 5.56 1.89 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 3.33 0.00 0.00 1.82 0.00 7.50 0.00 0.00 0.00 0.00 0.00 0.00 1.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.83 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 11.11 0.00 0.00 0.00 0.00 0.00 0.00 1.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 3.64 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.00 26.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.57 0.00 0.00 0.00 0.00 0.00
0.00 148.00 46.67 37.14 8.00 21.33 0.00 0.00 18.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 20.00 100.00 0.00 0.00 0.00 0.00 12.50 0.00 0.00 1.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 16.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.52 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.00 0.00 0.00 0.00 0.00 1.43 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.56 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.67 7.14 0.00 1.00 0.00 1.67 0.00 3.33 4.44 3.64 1.67 0.00 0.00 60.00 100.00 7.14 0.00 0.00 2.22 0.00 0.00 0.00 0.00 3.33 1.72 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 11.11 50.00 11.11 1.89 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 7.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.82 1.67 0.00 0.00 20.00 142.86 95.24 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.90 0.00 5.00 20.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 3.00 0.00 0.00 0.00 1.33 0.00 14.29 1.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 10.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 1.00 6.67 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 6.67 0.00 8.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.67 7.14 0.00 1.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 100.00 0.00 16.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 1.82 2.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 22.22 0.00 5.56 3.77 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
69.23 76.00 53.33 37.14 4.00 66.67 64.29 14.29 64.00 70.00 0.83 10.00 83.33 2.22 25.45 1.67 5.00 40.00 200.00 257.14 97.62 84.00 5.71 22.22 25.00 20.00 14.55 0.00 13.33 96.55 29.09 157.50 280.00 90.00 50.00 26.67 6.67 0.00 13.33 155.56 100.00 111.11 33.96 85.71 26.67 0.00 0.00 0.00 0.00
84.62 283.00 166.67 77.14 28.00 133.33 121.43 35.71 96.00 73.33 5.00 20.00 90.00 11.11 40.00 8.33 22.50 68.00 300.00 885.71 223.81 104.00 8.57 36.67 50.00 32.00 14.55 1.25 23.33 174.14 38.18 182.50 340.00 95.00 56.67 26.67 6.67 0.00 13.33 233.33 150.00 138.89 43.40 89.29 30.00 0.00 0.00 0.91 0.00
2.00 7.00 5.00 3.00 5.00 6.00 5.00 3.00 7.00 2.00 4.00 4.00 3.00 3.00 5.00 5.00 3.00 4.00 4.00 7.00 6.00 3.00 3.00 4.00 3.00 3.00 1.00 1.00 4.00 4.00 5.00 5.00 5.00 2.00 3.00 1.00 1.00 0.00 1.00 9.00 2.00 5.00 5.00 2.00 2.00 0.00 0.00 1.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.00 0.00 0.00 1.67 0.00 0.00 0.00 67.86 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 10.00 31.03 0.00 10.00 20.00 0.00 0.00 3.33 0.00 0.00 0.00 11.11 0.00 5.56 0.00 7.14 3.33 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.56 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.44 0.00 0.00 0.00 0.00 0.00 0.00 1.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.83 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.67 0.00 0.00 0.00 0.00 0.83 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 1.43 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 2.00 0.00 1.43 0.00 0.67 0.00 0.00 0.00 3.33 1.67 0.00 10.00 0.00 0.00 1.67 0.00 0.00 0.00 75.00 2.38 0.00 0.00 4.44 0.00 8.00 0.00 0.00 10.00 31.03 1.82 10.00 26.67 0.00 0.00 3.33 0.00 0.00 0.00 22.22 0.00 11.11 0.00 7.14 3.33 0.00 0.00 0.00 0.00
0.00 1.00 0.00 1.00 0.00 1.00 0.00 0.00 0.00 1.00 2.00 0.00 1.00 0.00 0.00 1.00 0.00 0.00 0.00 2.00 1.00 0.00 0.00 1.00 0.00 2.00 0.00 0.00 1.00 1.00 1.00 1.00 2.00 0.00 0.00 1.00 0.00 0.00 0.00 3.00 0.00 2.00 0.00 1.00 1.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.50 6.67 0.00 0.00 3.33 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 1.00 0.00 0.00 2.00 2.00 0.00 21.43 1.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 7.50 24.00 0.00 3.57 4.76 0.00 2.86 0.00 25.00 60.00 1.82 0.00 3.33 1.72 0.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 16.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
15.38 45.00 60.00 4.29 114.00 1.33 0.00 21.43 0.00 3.33 2.50 0.00 6.67 11.11 1.82 3.33 0.00 24.00 60.00 10.71 9.52 4.00 1.43 0.00 62.50 20.00 0.00 0.00 0.00 10.34 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 11.11 0.00 16.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7.69 2.00 6.67 0.00 0.00 0.67 0.00 21.43 12.00 66.67 0.83 6.67 6.67 0.00 5.45 3.33 12.50 12.00 60.00 7.14 14.29 16.00 28.57 3.33 0.00 8.00 1.82 0.00 0.00 151.72 9.09 10.00 13.33 10.00 6.67 3.33 0.00 0.00 0.00 150.00 0.00 88.89 1.89 0.00 0.00 0.00 0.00 0.00 0.00
0.00 60.00 333.33 20.00 394.00 25.33 42.86 235.71 50.00 300.00 46.67 96.67 480.00 48.89 49.09 325.00 110.00 236.00 480.00 85.71 266.67 16.00 117.14 62.22 162.50 8.00 32.73 0.00 3.33 12.07 12.73 10.00 0.00 0.00 0.00 0.00 10.00 0.00 0.00 322.22 0.00 744.44 52.83 85.71 13.33 0.00 0.00 0.00 0.00
0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.86 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 13.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
46.15 0.00 46.67 4.29 12.00 0.67 0.00 21.43 4.00 0.00 1.67 6.67 10.00 0.00 0.00 0.00 0.00 0.00 40.00 85.71 7.14 8.00 0.00 2.22 25.00 12.00 0.00 0.00 3.33 0.00 1.82 45.00 6.67 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 66.67 1.89 0.00 6.67 0.00 0.00 0.00 0.00
0.00 5.00 193.33 0.00 230.00 2.00 0.00 192.86 16.00 33.33 27.50 43.33 226.67 11.11 7.27 0.00 0.00 12.00 0.00 21.43 2.38 12.00 0.00 0.00 87.50 84.00 5.45 0.00 0.00 82.76 7.27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 22.22 0.00 5.56 3.77 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 6.67 4.44 0.00 50.00 0.00 0.00 0.00 0.00 121.43 0.00 0.00 0.00 0.00 0.00 1.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 11.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
369.23 526.00 60.00 221.43 3446.00 464.67 150.00 2178.57 154.00 1440.00 97.50 166.67 1476.67 106.67 94.55 766.67 130.00 3312.00 920.00 1114.29 1676.19 112.00 1082.86 60.00 2300.00 1676.00 196.36 0.00 3.33 1.72 109.09 75.00 13.33 50.00 50.00 90.00 10.00 26.67 33.33 1500.00 1700.00 1588.89 132.08 142.86 10.00 0.00 6.67 2.73 0.00
7.69 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.83 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.72 0.00 22.50 6.67 5.00 0.00 10.00 6.67 0.00 0.00 5.56 0.00 16.67 0.00 7.14 0.00 0.00 0.00 0.00 0.00
0.00 1.00 0.00 0.00 0.00 2.67 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 72.00 0.00 0.00 0.00 12.00 0.00 0.00 0.00 60.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 11.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00
138.46 220.00 413.33 42.86 448.00 163.33 0.00 200.00 32.00 396.67 126.67 50.00 290.00 31.11 14.55 250.00 65.00 48.00 400.00 0.00 247.62 60.00 68.57 15.56 212.50 0.00 12.73 0.00 0.00 6.90 3.64 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 222.22 250.00 261.11 0.00 371.43 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 6.67 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 72.00 140.00 14.29 190.48 0.00 4.29 0.00 137.50 0.00 5.45 0.00 0.00 124.14 3.64 0.00 40.00 20.00 10.00 0.00 6.67 6.67 13.33 166.67 100.00 77.78 3.77 71.43 0.00 0.00 0.00 0.00 0.00
100.00 0.00 0.00 1.43 342.00 0.00 14.29 0.00 0.00 0.00 0.00 6.67 173.33 0.00 12.73 8.33 50.00 304.00 420.00 360.71 514.29 96.00 77.14 28.89 275.00 300.00 21.82 1.25 0.00 993.10 21.82 37.50 13.33 0.00 0.00 0.00 0.00 0.00 0.00 388.89 350.00 200.00 26.42 10.71 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
684.62 861.00 1140.00 294.29 4992.00 662.67 207.14 2892.86 275.00 2246.67 304.17 383.33 2690.00 213.33 185.45 1408.33 375.00 4120.00 2520.00 1703.57 3057.14 336.00 1385.71 172.22 3287.50 2228.00 280.00 1.25 13.33 1386.21 169.09 232.50 100.00 85.00 73.33 106.67 40.00 33.33 53.33 2816.67 2400.00 3077.78 222.64 689.29 30.00 0.00 6.67 2.73 0.00
438.46 640.00 720.00 250.00 4200.00 496.67 192.86 2692.86 241.00 1850.00 176.67 326.67 2220.00 182.22 158.18 1150.00 260.00 3620.00 1560.00 1328.57 2104.76 168.00 1235.71 127.78 2662.50 1868.00 240.00 0.00 13.33 260.34 140.00 172.50 40.00 60.00 60.00 96.67 26.67 26.67 40.00 2033.33 1700.00 2511.11 192.45 228.57 30.00 0.00 6.67 2.73 0.00
3.00 3.00 4.00 3.00 3.00 3.00 1.00 3.00 4.00 4.00 3.00 2.00 3.00 3.00 3.00 3.00 2.00 3.00 3.00 3.00 3.00 3.00 2.00 2.00 3.00 3.00 3.00 1.00 3.00 3.00 2.00 3.00 3.00 1.00 2.00 2.00 2.00 1.00 1.00 3.00 1.00 3.00 2.00 1.00 2.00 0.00 1.00 1.00 0.00
40.00 48.00 0.00 36.00 20.00 21.43 11.90 0.00 4.00 1.82 0.00 1.72 16.67 50.00 72.22 1.89 0.00
0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.56 0.00 0.00 0.00 0.00
0.00 4.00 0.00 0.00 0.00 3.57 0.00 0.00 0.00 0.00 0.00 0.00 5.56 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.50 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 40.00 0.00 54.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 36.00 20.00 25.00 14.29 0.00 0.00 0.00 12.50 4.00 1.82 0.00 6.67 1.72 0.00 2.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 27.78 50.00 72.22 1.89 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 1.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00 1.00 1.00 0.00 0.00 0.00 1.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00 1.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 13.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
192.31 427.00 226.67 25.71 660.00 192.67 14.29 642.86 182.00 686.67 120.83 100.00 586.67 71.11 43.64 500.00 65.00 152.00 300.00 503.57 730.95 124.00 342.86 71.11 112.50 220.00 21.82 22.50 120.00 401.72 63.64 122.50 66.67 15.00 50.00 66.67 6.67 13.33 73.33 177.78 150.00 155.56 86.79 157.14 46.67 0.00 0.00 1.82 2.50
7.69 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
61.54 0.00 0.00 0.00 8.00 0.00 0.00 0.00 0.00 16.67 5.00 6.67 10.00 0.00 1.82 1.67 0.00 12.00 0.00 10.71 11.90 16.00 1.43 1.11 0.00 4.00 1.82 0.00 0.00 3.45 18.18 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 5.56 0.00 0.00 0.00 3.57 3.33 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
169.23 218.00 613.33 40.00 316.00 100.00 21.43 450.00 68.00 510.00 114.17 36.67 483.33 4.44 25.45 193.33 50.00 80.00 140.00 146.43 533.33 84.00 98.57 24.44 87.50 72.00 3.64 2.50 6.67 308.62 29.09 7.50 6.67 5.00 13.33 26.67 0.00 20.00 6.67 100.00 0.00 133.33 33.96 10.71 10.00 2.50 2.22 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
553.85 600.00 546.67 82.86 3056.00 582.67 142.86 2285.71 561.00 2000.00 380.00 290.00 820.00 151.11 203.64 870.00 130.00 280.00 1320.00 3346.43 3123.81 248.00 441.43 124.44 225.00 824.00 118.18 37.50 116.67 868.97 101.82 300.00 400.00 160.00 150.00 86.67 113.33 100.00 66.67 1000.00 650.00 811.11 196.23 442.86 53.33 5.00 2.22 2.73 2.50
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
984.62 1245.00 1386.67 148.57 4040.00 875.33 178.57 3378.57 812.00 3220.00 620.00 433.33 1900.00 226.67 276.36 1568.33 245.00 528.00 1760.00 4007.14 4400.00 472.00 884.29 221.11 425.00 1120.00 145.45 62.50 246.67 1582.76 212.73 432.50 493.33 180.00 216.67 183.33 120.00 133.33 146.67 1283.33 800.00 1100.00 316.98 614.29 113.33 7.50 4.44 4.55 5.00
2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 3.57 0.00 0.00 0.00 0.00 0.00 12.00 1.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 11.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 0.00 3.57 0.00 0.00 0.00 0.00 0.00 12.00 1.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 11.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.56 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 1.00 0.00 1.43 0.00 2.67 0.00 0.00 2.00 16.67 5.00 0.00 0.00 6.67 10.91 98.33 0.00 0.00 60.00 3.57 45.24 0.00 4.29 3.33 12.50 4.00 0.00 0.00 6.67 18.97 5.45 127.50 140.00 10.00 26.67 16.67 3.33 0.00 0.00 44.44 100.00 16.67 24.53 39.29 6.67 2.50 2.22 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.22 0.00 0.00








Crataegus spec. seed/fruit uncharred
cf. Crataegus spec. seed/fruit uncharred
Fagus sylvatica cupule uncharred
Fagus sylvatica pericarp uncharred
Fragaria vesca seed/fruit uncharred
Malus sylvestris seed/fruit charred
Malus sylvestris seed/fruit uncharred





cf. Malus/Pyrus stem uncharred
Malus/Pyrus stem charred
cf. Malus/Pyrus stem charred
cf. Pyrus spec. fruit flesh uncharred
Physalis alkekengi seed/fruit charred
Physalis alkekengi seed/fruit uncharred
Prunus cf. spinosa seed/fruit uncharred
Prunus spinosa seed/fruit uncharred
Quercus spec. seed/fruit charred
Quercus spec. seed/fruit uncharred
Quercus spec. cotyledon charred
Quercus spec. pericarp charred
Quercus spec. pericarp uncharred
Rosa spec. seed/fruit uncharred
Rubus fruticosus agg. seed/fruit charred
Rubus fruticosus agg. seed/fruit uncharred
Rubus fruticosus/idaeus seed/fruit uncharred
Rubus idaeus seed/fruit uncharred
Rubus idaeus seed/fruit semi-charred
Sambucus spec. seed/fruit charred
Sambucus spec. seed/fruit uncharred
Taxus baccata seed/fruit uncharred
Vaccinium cf. myrtillus seed/fruit uncharred




cf. Alopecurus spec. seed/fruit uncharred
Anagallis/Lysimachia seed/fruit uncharred







Bromus spec. seed/fruit charred
cf. Bromus spec. seed/fruit uncharred
Campanula rapunculoides/trachelium seed/fruit uncharred
Campanula spec. seed/fruit uncharred
cf. Campanula spec. seed/fruit uncharred
Campanulaceae seed/fruit uncharred
Cardamine spec. seed/fruit uncharred
Carex spec. seed/fruit uncharred
Caryophyllaceae seed/fruit uncharred
Cerastium spec. seed/fruit uncharred
cf. Cerastium spec. seed/fruit uncharred
Cirsium/Carduus seed/fruit uncharred
cf. Cirsium/Carduus seed/fruit uncharred
Crepis spec. seed/fruit uncharred





Galium spec. seed/fruit uncharred
Geum spec. seed/fruit uncharred
cf. Hordeum spec. fruit uncharred
Hypericum hirsutum seed/fruit uncharred
Hypericum spec. seed/fruit uncharred
cf. Hypericum spec. seed/fruit uncharred
Juncus spec. seed/fruit uncharred
Lamiaceae seed/fruit uncharred
Lamium spec. seed/fruit uncharred
Luzula spec. seed/fruit uncharred
cf. Luzula spec. seed/fruit uncharred
cf. Melica spec. seed/fruit uncharred
Mentha spec. seed/fruit charred




cf. Pinus spec. seed/fruit uncharred
Physalis/Solanum dulcamara seed/fruit uncharred
Poa spec. seed/fruit uncharred
cf. Poa spec. seed/fruit uncharred
Poaceae seed/fruit charred
Poaceae seed/fruit uncharred
Poaceae fruit large charred
Poaceae fruit large uncharred
Poaceae node charred
Poaceae chaff uncharred
cf.  Poaceae seed/fruit uncharred
cf. Poaceae bran uncharred





Polygonum lapathifolium/persicaria seed/fruit uncharred
Polygonum cf. minus/persicaria seed/fruit uncharred
Polygonum spec. seed/fruit uncharred
Potentilla spec. seed/fruit uncharred





Rumex conglomeratus/sanguineus seed/fruit uncharred
Rumex conglomeratus/sanguineus flower uncharred
Rumex spec. seed/fruit uncharred
Rumex spec. flower uncharred
cf. Rumex spec. flower uncharred
Scrophularia spec. seed/fruit uncharred
Scrophularia/Verbascum seed/fruit uncharred
Senecio spec. seed/fruit uncharred
Silene spec. seed/fruit uncharred
Solanaceae seed/fruit uncharred
Solanum spec. seed/fruit uncharred
Stachys spec. seed/fruit uncharred
profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile
0.13 1.00 0.15 0.70 0.50 1.50 0.14 0.14 1.00 0.30 1.20 0.30 0.30 0.45 0.55 0.60 0.40 0.25 0.05 0.28 0.42 0.25 0.70 0.90 0.08 0.25 0.55 0.80 0.30 0.58 0.55 0.40 0.15 0.20 0.30 0.30 0.30 0.15 0.15 0.18 0.02 0.18 0.53 0.28 0.30 0.40 0.45 1.10 0.40
L1 L2 O2 L1 OS L1 L1 O2 L1 OL L1 L1 O2 L1 L1 O2 L1 MO2 OS O2S O1 O2 MO3, SM MO1, OS SL O2 L2 L1 MO2 O2 SM O1 SO O1 SO M2 M1 M1 M2 O2 OSA OL M3 OS M1 M1 M2 M1 M2
U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U10 U10 U10 U10 U10 U10 U10, U9 U11 U11 U11 U11 U12 U12 U12, U11 U13 U13 U13 U13 U13 U13 U13 U13 U13 U13 U13 U13 U13 U13 U14 U14 U14 U14
89_18 92_3 92_4 92_5 92_6 92_7 101_1 101_2 101_3 101_4-7 101_8 101_9 101_10-11 101_12 101_13 101_14-16 101_17 45_6 67_13 73_13 73_14 89_19 101_20-21 101_18-19 45_7 45_8-9 45_10 89_20 45_11 73_15 101_22 45_12 45_13 45_14 45_15 45_16 45_17 45_18 45_19 67_14 67_15 67_16 67_17 73_16 101_23 45_20 45_21 45_22 45_23
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 50.00 13.33 16.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 7.27 2.50
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.57 0.00 0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 2.50 0.00 5.00 10.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 3.57 3.33 0.00 0.00 0.00 0.00
69.23 0.00 6.67 1.43 112.00 0.67 21.43 128.57 3.00 13.33 0.00 13.33 13.33 6.67 5.45 50.00 7.50 0.00 200.00 114.29 211.90 12.00 30.00 4.44 37.50 16.00 7.27 1.25 13.33 82.76 32.73 70.00 213.33 50.00 70.00 6.67 40.00 6.67 0.00 183.33 100.00 144.44 41.51 7.14 13.33 0.00 0.00 0.00 2.50
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7.69 2.00 0.00 2.86 0.00 2.67 7.14 28.57 4.00 33.33 37.50 6.67 46.67 22.22 5.45 3.33 0.00 24.00 80.00 39.29 14.29 12.00 0.00 2.22 12.50 0.00 1.82 1.25 0.00 10.34 0.00 20.00 6.67 15.00 0.00 3.33 10.00 0.00 0.00 16.67 0.00 11.11 3.77 3.57 6.67 2.50 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 3.00 13.33 1.43 12.00 3.33 7.14 35.71 2.00 56.67 0.00 23.33 40.00 4.44 3.64 36.67 2.50 72.00 20.00 14.29 45.24 4.00 7.14 2.22 37.50 8.00 3.64 0.00 20.00 15.52 1.82 5.00 6.67 0.00 3.33 3.33 3.33 0.00 0.00 16.67 0.00 5.56 5.66 3.57 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 3.33 6.67 0.00 3.33 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 12.50 4.00 0.00 0.00 0.00 0.00 0.00 2.50 0.00 0.00 3.33 0.00 0.00 0.00 0.00 5.56 0.00 5.56 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 6.67 0.00 0.00 0.00 0.00 14.29 3.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 40.00 7.14 2.38 0.00 0.00 0.00 12.50 8.00 0.00 0.00 3.33 0.00 0.00 2.50 0.00 5.00 3.33 3.33 3.33 0.00 0.00 5.56 0.00 11.11 3.77 0.00 3.33 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 60.00 0.00 2.38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 6.00 0.00 0.00 0.00 0.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 95.00 33.33 1.43 10.00 0.67 0.00 0.00 0.00 6.67 0.00 0.00 13.33 0.00 1.82 5.00 0.00 0.00 0.00 60.71 26.19 0.00 2.86 0.00 0.00 0.00 0.00 1.25 10.00 6.90 0.00 30.00 6.67 10.00 3.33 3.33 3.33 0.00 0.00 5.56 0.00 22.22 7.55 3.57 3.33 0.00 0.00 0.00 0.00
0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.83 0.00 0.00 0.00 0.00 3.33 0.00 4.00 40.00 3.57 4.76 0.00 2.86 0.00 0.00 8.00 0.00 0.00 3.33 3.45 0.00 22.50 26.67 5.00 3.33 6.67 0.00 0.00 0.00 5.56 0.00 16.67 5.66 3.57 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
15.38 1.00 6.67 1.43 0.00 0.00 0.00 7.14 1.00 0.00 1.67 0.00 3.33 0.00 1.82 1.67 2.50 0.00 40.00 10.71 9.52 4.00 1.43 0.00 0.00 0.00 0.00 0.00 6.67 5.17 14.55 195.00 300.00 80.00 110.00 10.00 33.33 6.67 6.67 22.22 0.00 5.56 7.55 10.71 20.00 0.00 0.00 0.00 0.00
15.38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 10.00 0.00 6.67 0.00 0.00 3.64 6.67 0.00 0.00 80.00 14.29 133.33 0.00 2.86 13.33 0.00 0.00 0.00 0.00 0.00 3.45 25.45 105.00 106.67 50.00 13.33 0.00 0.00 0.00 0.00 16.67 50.00 11.11 7.55 75.00 16.67 0.00 0.00 0.91 0.00
15.38 1.00 0.00 2.86 2.00 16.00 21.43 14.29 22.00 10.00 0.83 0.00 3.33 2.22 16.36 5.00 5.00 0.00 200.00 114.29 209.52 0.00 1.43 3.33 0.00 0.00 1.82 1.25 6.67 82.76 32.73 262.50 546.67 120.00 120.00 13.33 6.67 0.00 6.67 83.33 0.00 0.00 49.06 128.57 13.33 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.67 7.14 0.00 2.00 0.00 0.83 0.00 0.00 0.00 0.00 1.67 0.00 0.00 20.00 3.57 2.38 0.00 0.00 1.11 12.50 0.00 1.82 0.00 3.33 1.72 0.00 37.50 73.33 10.00 6.67 3.33 0.00 0.00 6.67 16.67 0.00 5.56 1.89 3.57 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7.69 0.00 0.00 0.00 0.00 2.00 0.00 7.14 0.00 0.00 1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.25 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 5.56 0.00 0.00 6.67 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 50.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.43 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.14 0.00 0.00 0.00 1.11 0.00 0.00 1.82 0.00 0.00 1.72 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 3.33 0.00 0.00 0.00 4.44 7.27 0.00 0.00 0.00 120.00 0.00 0.00 0.00 0.00 2.22 0.00 4.00 7.27 0.00 0.00 5.17 3.64 45.00 120.00 0.00 3.33 3.33 3.33 0.00 0.00 44.44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 1.43 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 1.43 0.00 0.00 0.00 0.00 2.00 0.00 0.83 0.00 0.00 0.00 1.82 0.00 0.00 0.00 20.00 185.71 7.14 8.00 1.43 0.00 12.50 0.00 0.00 0.00 6.67 68.97 1.82 52.50 6.67 5.00 0.00 6.67 0.00 0.00 0.00 61.11 0.00 5.56 0.00 3.57 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.67 14.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.64 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.44 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.89 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.67 0.00 0.00 2.00 0.00 0.00 0.00 0.00 2.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.64 2.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.67 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 6.67 5.56 0.00 0.00 0.00 3.57 0.00 0.00 0.00 0.00 0.00








Stellaria graminea/palustris seed/fruit uncharred
Stellaria spec. seed/fruit uncharred
cf. Teucrium spec. seed/fruit uncharred
Torilis spec. seed/fruit charred
Torilis spec. seed/fruit uncharred
cf. Vaccinium spec. seed/fruit uncharred
Viola spec. seed/fruit uncharred
Viola spec. capsule uncharred









number of taxa total
charred all density
semi-charred all density
profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile profile
0.13 1.00 0.15 0.70 0.50 1.50 0.14 0.14 1.00 0.30 1.20 0.30 0.30 0.45 0.55 0.60 0.40 0.25 0.05 0.28 0.42 0.25 0.70 0.90 0.08 0.25 0.55 0.80 0.30 0.58 0.55 0.40 0.15 0.20 0.30 0.30 0.30 0.15 0.15 0.18 0.02 0.18 0.53 0.28 0.30 0.40 0.45 1.10 0.40
L1 L2 O2 L1 OS L1 L1 O2 L1 OL L1 L1 O2 L1 L1 O2 L1 MO2 OS O2S O1 O2 MO3, SM MO1, OS SL O2 L2 L1 MO2 O2 SM O1 SO O1 SO M2 M1 M1 M2 O2 OSA OL M3 OS M1 M1 M2 M1 M2
U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U9 U10 U10 U10 U10 U10 U10 U10, U9 U11 U11 U11 U11 U12 U12 U12, U11 U13 U13 U13 U13 U13 U13 U13 U13 U13 U13 U13 U13 U13 U13 U14 U14 U14 U14
89_18 92_3 92_4 92_5 92_6 92_7 101_1 101_2 101_3 101_4-7 101_8 101_9 101_10-11 101_12 101_13 101_14-16 101_17 45_6 67_13 73_13 73_14 89_19 101_20-21 101_18-19 45_7 45_8-9 45_10 89_20 45_11 73_15 101_22 45_12 45_13 45_14 45_15 45_16 45_17 45_18 45_19 67_14 67_15 67_16 67_17 73_16 101_23 45_20 45_21 45_22 45_23
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
100.00 9.00 60.00 8.57 124.00 20.67 28.57 21.43 19.00 20.00 5.83 20.00 20.00 13.33 23.64 15.00 12.50 36.00 380.00 1053.57 719.05 48.00 5.71 22.22 50.00 52.00 30.91 2.50 20.00 455.17 49.09 340.00 560.00 85.00 33.33 16.67 16.67 0.00 26.67 233.33 100.00 100.00 45.28 39.29 23.33 0.00 4.44 0.00 0.00
7.00 6.00 5.00 5.00 5.00 7.00 3.00 2.00 8.00 4.00 3.00 3.00 4.00 5.00 7.00 6.00 4.00 6.00 8.00 10.00 10.00 6.00 4.00 7.00 4.00 9.00 9.00 2.00 3.00 9.00 8.00 10.00 6.00 4.00 6.00 3.00 4.00 0.00 3.00 9.00 2.00 10.00 6.00 6.00 3.00 0.00 1.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 13.79 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.89 0.00 0.00 0.00 0.00 0.00 0.00
92.31 0.00 0.00 0.00 8.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.00 300.00 157.14 26.19 24.00 0.00 0.00 0.00 4.00 16.36 3.75 0.00 12.07 0.00 92.50 360.00 25.00 16.67 36.67 13.33 26.67 40.00 50.00 0.00 38.89 13.21 3.57 0.00 0.00 0.00 0.91 0.00
0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 20.00 14.29 9.52 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.56 1.89 0.00 0.00 0.00 0.00 0.00 0.00
92.31 1.00 0.00 0.00 8.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 8.00 320.00 171.43 35.71 24.00 0.00 0.00 0.00 4.00 16.36 3.75 0.00 25.86 0.00 92.50 360.00 25.00 16.67 36.67 13.33 26.67 40.00 50.00 0.00 44.44 16.98 3.57 0.00 0.00 0.00 0.91 0.00
2953.85 2922.00 4160.00 934.29 10056.00 1806.00 800.00 7350.00 1345.00 6453.33 1113.33 1196.67 5843.33 637.78 674.55 3846.67 2060.00 5284.00 7820.00 14807.14 14576.19 1324.00 3944.29 652.22 4237.50 4044.00 689.09 1265.00 1366.67 5998.28 2712.73 5800.00 9786.67 3515.00 6116.67 2813.33 3983.33 5726.67 8373.33 6755.56 9200.00 7905.56 7186.79 8975.00 5186.67 4710.00 2473.33 2092.73 1467.50
34.00 40.00 34.00 33.00 30.00 42.00 23.00 28.00 51.00 31.00 36.00 28.00 32.00 28.00 34.00 42.00 36.00 34.00 48.00 70.00 69.00 26.00 36.00 35.00 31.00 50.00 42.00 15.00 50.00 48.00 48.00 67.00 54.00 37.00 38.00 41.00 38.00 21.00 23.00 68.00 20.00 61.00 48.00 42.00 34.00 12.00 13.00 18.00 13.00
69.23 5.00 73.33 4.29 22.00 8.00 0.00 64.29 27.00 76.67 4.17 23.33 36.67 0.00 10.91 8.33 25.00 188.00 280.00 125.00 230.95 44.00 35.71 5.56 187.50 144.00 12.73 0.00 20.00 293.10 18.18 117.50 100.00 35.00 20.00 16.67 13.33 6.67 20.00 350.00 200.00 272.22 15.09 78.57 10.00 0.00 0.00 0.00 0.00




Chara spec. oog uncharred
Chara spec. oogK uncharred




Myriophyllum cf. spicatum seed/fruit uncharred
Najas flexilis seed/fruit uncharred
Najas minor seed/fruit uncharred
Najas intermedia/marina seed/fruit charred
Najas intermedia/marina seed/fruit uncharred
Najas intermedia/marina fruit whole uncharred
Najas spec. seed/fruit uncharred
Najas spec. leaf uncharred
Nuphar lutea seed/fruit uncharred
Nuphar spec. seed/fruit uncharred
cf. Nuphar spec. seed/fruit uncharred
Nymphaea spec. seed/fruit uncharred
cf. Nymphaea spec. seed/fruit uncharred
Nymphaeaceae seed/fruit uncharred
Potamogeton crispus seed/fruit uncharred
Potamogeton cf. crispus seed/fruit uncharred
Potamogeton natans seed/fruit uncharred
Potamogeton cf. natans seed/fruit uncharred
Potamogeton cf. obtusifolius seed/fruit uncharred
Potamogeton spec. seed/fruit uncharred
Trapa natans seed/fruit uncharred
density
number of taxa
reed bed and sedge swamp plants
Alisma plantago-aquatica seed/fruit uncharred
Alisma spec. seed/fruit uncharred
Cicuta virosa seed/fruit uncharred
Cladium mariscus seed/fruit uncharred
Eleocharis palustris agg. seed/fruit uncharred
Eleocharis spec. seed/fruit uncharred
cf. Glyceria spec. seed/fruit uncharred
Lycopus europaeus seed/fruit uncharred
Mentha aquatica seed/fruit uncharred
Phragmites australis seed/fruit uncharred
cf. Phragmites australis seed/fruit uncharred
Poa palustris seed/fruit uncharred
cf. Poa palustris seed/fruit charred
Schoenoplectus lacustris seed/fruit uncharred
Schoenoplectus cf. lacustris seed/fruit uncharred
Schoenoplectus spec. seed/fruit uncharred
cf. Schoenoplectus spec. seed/fruit uncharred




cf. Deschampsia cespitosa seed/fruit uncharred
Filipendula ulmaria seed/fruit uncharred
cf. Filipendula ulmaria seed/fruit uncharred
Hypericum tetrapterum seed/fruit uncharred
Linum catharticum seed/fruit uncharred
Lythrum salicaria seed/fruit charred
Lythrum salicaria seed/fruit uncharred
Mentha arvensis seed/fruit uncharred
Molinia caerulea seed/fruit uncharred
cf. Molinia caerulea seed/fruit uncharred
Molinia arundinacea seed/fruit uncharred
cf. Molinia arundinacea seed/fruit uncharred
Plantago major s.l. seed/fruit uncharred
Potentilla reptans seed/fruit uncharred
Ranunculus cf. repens seed/fruit uncharred
Scirpus sylvaticus seed/fruit uncharred
Valeriana dioica seed/fruit uncharred
Veronica spec. seed/fruit uncharred
cf. Veronica spec. seed/fruit uncharred
density
number of taxa
shoreline pioneers incl. shore weeds
Bidens cernua seed/fruit uncharred
Bidens cf. tripartita seed/fruit uncharred
Bidens spec. seed/fruit uncharred
Cyperus fuscus seed/fruit uncharred
Cyperus spec. seed/fruit uncharred
Cyperus/Scirpus seed/fruit uncharred
Hypericum cf. humifusum seed/fruit uncharred
Myosoton aquaticum/Stellaria nemorum seed/fruit uncharred
Polygonum hydropiper seed/fruit uncharred
Polygonum cf. hydropiper seed/fruit uncharred
Polygonum lapathifolium agg. seed/fruit uncharred
Polygonum cf. lapathifolium agg. seed/fruit uncharred
Polygonum minus seed/fruit uncharred
Polygonum mite seed/fruit uncharred
Polygonum mite/minus seed/fruit uncharred
Ranunculus sceleratus seed/fruit uncharred
Torilis japonica seed/fruit uncharred
Torilis cf. japonica seed/fruit uncharred




Cardamine cf. flexuosa seed/fruit uncharred
Chrysosplenium alternifolium seed/fruit uncharred
Eupatorium cannabinum seed/fruit uncharred
Mentha aquatica/arvensis seed/fruit uncharred
Poa nemoralis/palustris/(compressa) seed/fruit uncharred
Poa cf. nemoralis/palustris/(compressa) seed/fruit uncharred
cf. Poa nemoralis/palustris/(compressa) seed/fruit uncharred
density
number of taxa
riparian woodland and carr plants
Alnus cf. glutinosa seed/fruit uncharred
Alnus spec. seed/fruit uncharred
Alnus spec. bract uncharred
Alnus spec. cone (female) uncharred
cf. Alnus spec. seed/fruit uncharred
Circaea lutetiana seed/fruit uncharred
Circaea spec. seed/fruit uncharred
Clematis vitalba seed/fruit uncharred
Frangula alnus seed/fruit uncharred
cf. Frangula alnus seed/fruit uncharred






profile profile profile profile profile bulk bulk bulk bulk
0.55 0.85 0.45 0.50 0.50 4.00 4.50 5.50 4.50
M1 M1 NA NA NA NA NA NA NA ubiquity average density
U14 U14 NA NA NA NA NA NA NA
45_24 101_24 50_7_1 50_7_2 50_7_3 1452_A 1655_A 1672_A 1711_A average densities per unit
U1 U2 U3 U4 U5 U6 U7 U8 U9 U10 U11 U12 U13 U14
687.27 2123.53 135.56 846.00 128.00 0.25 158.89 200.00 0.67 59.90 36.24 266.72 228.40 39.15 56.17 2.86 2.80 10.42 4.58 14.27 271.45 148.98 450.28 1481.93 1649.99
494.55 1430.59 37.78 420.00 56.00 0.00 0.67 0.55 0.00 39.59 14.81 78.57 63.38 7.15 2.48 0.31 0.75 0.00 8.62 29.25 698.06 167.43 262.60 1221.13 778.98
0.00 136.47 115.56 972.00 626.00 0.25 0.44 0.00 0.00 32.99 36.51 653.55 7.49 2.09 20.49 16.91 5.61 0.00 0.42 0.00 28.54 0.91 81.41 373.07 95.78
1181.82 3690.59 288.89 2238.00 810.00 0.50 160.00 200.55 0.67 421.96 998.84 299.27 48.39 79.14 20.08 9.16 10.42 13.62 43.52 998.05 317.31 794.30 3076.14 2524.75
1.00 2.00 2.00 2.00 2.00 2.00 2.00 1.00 1.00 1.01 2.00 1.56 1.07 1.57 1.06 0.53 0.33 0.56 0.87 1.57 1.00 1.67 2.00 1.83
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.02 0.06 0.00 0.00 0.00 0.00 0.00 0.29 0.00 0.00 0.00 0.00 0.00 0.00 0.40 0.00
36.36 1.18 15.56 294.00 12.00 0.00 0.44 0.18 0.00 29.95 6.17 45.71 19.01 0.42 31.36 12.28 0.72 1.59 0.15 0.25 8.13 0.00 34.51 169.15 11.11
0.00 1.18 0.00 0.00 0.00 1.00 0.22 0.00 0.00 35.03 25.82 0.74 6.67 1.15 221.06 27.75 16.63 21.82 13.61 35.91 121.07 21.32 203.13 54.71 0.20
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.83 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7.27 4.71 4.44 66.00 24.00 15.50 0.44 25.09 0.67 51.27 10.08 22.96 14.56 14.24 96.80 5.09 4.52 9.90 2.15 2.01 24.79 6.80 103.01 345.86 2.30
3.64 2.35 6.67 42.00 12.00 4.00 0.22 3.64 0.00 32.49 3.70 3.93 14.95 8.93 10.10 0.49 3.10 3.39 1.36 1.60 3.42 1.45 17.01 68.91 1.98
5.45 0.00 2.22 12.00 2.00 0.00 0.00 0.00 0.00 10.66 2.61 0.06 0.00 0.00 5.52 22.27 0.46 0.00 0.32 0.00 0.51 0.00 0.00 40.58 0.91
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.60 2.09 7.00 2.33 1.07 0.95 0.13 0.45 0.00 4.96 0.00 0.00 0.00 0.00 0.00 0.00
1.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.66 0.64 0.00 0.00 0.83 2.38 0.16 1.34 0.42 0.48 0.11 0.00 0.00 0.00 5.06 0.30
1.82 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.12 0.31 0.00 0.00 0.00 0.29 0.27 0.65 0.83 0.37 0.00 2.86 0.00 0.00 1.98 0.30
0.00 0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 1.02 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.36 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.28 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.06 0.00 0.00 0.00 0.00 0.00 0.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.36 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.26 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.61 0.24 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.00 0.51 0.02 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.09 0.16 0.74 0.65 0.00 0.29 0.00 0.36 0.00 0.00 0.00 0.16 0.00 0.00 2.50 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.52 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.22 4.94 0.00
56.36 9.41 28.89 414.00 56.00 20.50 1.33 29.09 0.67 104.71 81.13 58.16 26.64 368.75 68.44 28.90 38.78 24.20 39.88 160.94 29.57 360.49 694.92 17.10
3.00 3.00 2.00 2.00 2.00 2.00 3.00 3.00 1.00 1.50 1.88 1.56 1.40 2.71 1.63 1.32 2.33 0.71 0.35 2.43 1.75 3.00 4.00 2.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.02 0.09 0.00 0.00 0.00 0.00 0.00 0.29 0.83 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.03 0.07 0.00 0.00 0.00 0.00 0.00 0.16 0.42 0.09 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.67 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.02 0.02 0.25 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.52 0.16 0.00 0.00 0.42 0.00 0.00 0.00 0.00 0.43 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.54 1.43 0.00 0.00 0.00 0.00 0.06 6.81 0.00 0.00 0.00 0.00 0.00 1.15 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.02 0.05 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 2.00 0.00 0.67 0.36 0.22 47.72 12.44 0.00 0.85 8.07 5.51 4.77 26.32 4.33 17.36 3.55 2.92 19.05 8.06 2.83 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.11 0.23 0.00 0.00 0.44 0.00 0.00 0.10 1.22 0.44 0.04 1.22 0.00 0.00 0.87 0.00
0.00 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 48.22 7.43 0.74 4.44 0.20 0.95 0.94 11.34 5.00 14.26 3.64 3.66 3.13 2.29 3.09 0.42
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.03 0.07 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.06 0.31 0.00 1.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.02 0.08 0.00 0.00 0.00 0.00 0.00 0.12 0.00 0.19 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.61 0.00 0.00
1.82 2.35 6.67 12.00 0.00 0.00 0.89 0.00 0.00 28.93 1.83 0.30 0.67 6.39 0.98 4.75 2.07 0.75 0.68 0.22 2.20 0.00 30.04 524.04 2.20
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.73 0.00 0.51 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.02 0.04 0.00 0.00 0.07 0.00 0.31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.05 1.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.50 0.00 0.36 0.00 36.04 2.43 1.77 5.50 1.85 1.02 0.41 5.43 3.18 1.47 0.90 2.80 3.45 0.00 3.27 0.15
1.82 2.35 6.67 14.00 2.00 0.50 1.56 1.45 0.22 61.70 4.09 11.46 17.44 8.46 11.39 52.67 16.40 35.78 8.67 12.80 26.63 42.14 534.10 2.77
1.00 1.00 1.00 2.00 1.00 1.00 2.00 3.00 1.00 1.82 0.75 1.89 1.67 1.57 1.38 1.97 3.00 1.96 1.43 2.29 1.75 3.67 2.21 1.17
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.02 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.28 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.89 0.18 0.22 21.32 1.86 0.37 0.00 2.59 0.85 0.16 1.51 1.25 4.24 0.14 1.87 0.00 0.00 1.94 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.05 0.28 0.00 0.00 0.00 0.48 0.13 0.88 0.00 0.24 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.02 0.03 0.00 0.00 0.00 0.00 0.11 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.01 0.00 0.00 0.00 0.00 0.13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 13.20 0.75 0.00 0.00 1.78 0.00 0.57 0.76 0.00 1.14 0.38 3.88 0.91 0.00 0.40 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.22 0.00 0.00 9.64 1.79 0.00 0.00 0.44 0.00 10.33 0.94 0.00 1.94 0.00 0.00 0.00 2.22 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.54 0.06 0.00 0.00 0.00 0.00 0.00 0.14 0.00 0.04 0.14 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.24 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.02 0.00 0.00 0.00 0.00 0.00 0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.22 0.36 0.22 63.45 54.39 0.00 0.53 8.95 2.07 1.73 100.55 16.84 108.15 12.92 192.84 2.00 112.06 5.39 0.15
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.52 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.00 0.00 0.00 1.11 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.44 0.36 0.00 64.97 24.61 0.67 1.06 7.56 5.42 1.83 30.73 21.88 57.42 2.45 42.15 0.45 29.02 12.48 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.15 0.73 0.25 0.00 3.00 0.29 0.13 1.07 0.00 0.44 0.50 1.08 0.00 0.00 1.02 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.01 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 27.92 11.06 0.00 0.00 0.00 0.00 0.00 5.32 3.48 31.48 8.03 38.37 2.00 1.11 2.28 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.31 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 1.78 0.91 0.44 93.23 1.28 1.59 24.31 9.10 15.10 142.08 43.45 205.71 24.56 280.19 6.68 145.52 23.76 0.15
0.00 0.00 0.00 0.00 0.00 0.00 4.00 3.00 2.00 2.23 0.50 0.33 1.53 1.86 1.94 2.76 2.83 3.16 2.00 2.86 1.50 2.67 2.21 0.17
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.52 0.04 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.04 0.14 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.14 0.99 0.00 0.00 6.72 0.48 0.09 1.00 0.67 0.39 0.00 3.40 0.00 0.00 0.79 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.11 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.54 0.10 0.00 0.00 0.00 0.95 0.00 0.27 0.00 0.00 0.00 0.00 0.00 0.61 0.18 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.00 1.52 0.06 0.30 0.00 0.00 0.00 0.00 0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.25 0.00 140.36 0.22 37.06 17.05 0.00 1.76 19.94 2.07 0.08 6.93 5.47 48.09 0.68 172.84 1.45 27.59 3.50 0.00
0.00 0.00 0.00 0.00 0.00 0.75 0.22 3.64 0.67 36.04 3.26 0.00 0.00 1.00 2.24 0.53 5.92 2.94 4.70 2.66 21.63 4.13 0.57 14.58 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.86 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.03 0.12 0.00 0.00 0.89 0.00 0.00 0.07 0.00 0.07 0.00 0.00 0.00 1.11 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.01 0.00 0.00 0.13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.36 0.00 7.11 2.61 0.00 0.00 2.46 0.48 0.16 10.41 0.00 0.56 0.13 16.33 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.54 0.11 0.00 0.00 0.44 0.00 0.00 0.07 1.17 0.00 0.09 0.00 0.00 0.00 0.00 0.00
0.00 1.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.05 0.19 0.00 0.00 0.00 0.00 0.16 0.00 0.33 0.58 0.00 0.00 0.00 0.00 0.18 0.20
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.54 0.12 0.00 0.00 0.00 0.00 0.00 0.15 0.67 0.20 0.04 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.28 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.22 0.00 0.00 23.35 5.18 0.00 0.74 26.55 16.16 1.28 6.57 1.67 1.61 0.00 0.68 0.00 1.11 1.76 0.00
0.00 1.18 0.00 0.00 0.00 1.00 0.44 144.55 0.89 34.60 0.30 2.51 58.15 22.38 2.35 31.39 12.91 56.82 3.86 217.74 5.58 30.99 20.99 0.20
0.00 1.00 0.00 0.00 0.00 2.00 2.00 4.00 2.00 1.31 0.13 0.33 1.93 2.14 0.75 1.24 1.83 1.69 1.04 1.71 1.00 1.67 1.64 0.17
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 11.17 0.78 0.00 0.00 2.09 0.95 0.39 0.37 0.00 1.06 0.96 0.00 3.13 1.11 0.79 0.00
0.00 0.00 0.00 0.00 0.00 0.25 0.22 0.18 0.00 16.24 0.96 0.74 1.86 2.22 6.72 0.35 0.07 0.76 0.76 0.26 0.00 1.45 0.61 0.00 0.00
1.82 0.00 0.00 2.00 0.00 0.00 0.00 0.00 0.00 9.14 0.92 0.00 0.00 0.00 0.00 0.08 1.56 0.00 2.06 0.14 0.34 0.00 0.00 0.40 0.30
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 26.90 2.37 0.00 0.00 0.15 0.00 0.45 2.01 1.83 5.63 1.89 2.51 10.28 0.00 5.24 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.05 0.08 0.00 0.00 0.00 0.00 0.00 0.21 0.00 0.09 0.09 3.02 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.02 0.05 0.00 0.65 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.82 0.00 0.00 2.00 0.00 0.25 0.22 0.18 0.00 5.29 0.74 2.52 4.46 7.68 1.27 4.29 2.59 9.72 3.35 5.87 14.86 1.72 6.43 0.30
1.00 0.00 0.00 1.00 0.00 1.00 1.00 1.00 0.00 0.68 0.13 0.56 0.87 0.71 0.56 0.68 0.67 0.84 0.74 0.86 1.25 0.67 0.36 0.17
47.27 0.00 4.44 10.00 8.00 3.25 0.22 5.09 0.00 43.65 4.43 1.78 9.69 5.67 3.43 0.91 10.49 6.07 2.16 0.25 4.14 8.70 1.21 85.28 22.90
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.08 0.21 0.00 0.37 0.00 0.00 0.00 0.68 0.00 0.16 0.04 0.00 0.00 0.00 0.87 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
16.36 0.00 0.00 0.00 0.00 0.75 0.44 0.55 0.00 11.68 0.20 0.00 0.32 0.33 0.22 0.11 0.49 0.00 0.12 0.00 0.00 0.45 0.00 36.21 23.75
0.00 4.71 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.52 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.67 0.09 0.00 0.00 0.00 0.00 0.00 0.78
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.02 0.05 0.00 0.00 0.00 0.00 0.11 0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.52 0.04 0.00 0.32 0.13 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.00 1.52 0.03 0.00 0.00 0.11 0.36 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.55 0.06 0.00 0.11 0.00 0.48 0.00 0.07 0.42 0.00 0.00 0.00 0.00 0.00 1.19 0.42
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.03 0.04 0.00 0.00 0.44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.89 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00
(without samples from profile 









Prunus padus seed/fruit uncharred
Rubus caesius seed/fruit uncharred
Rumex sanguineus flower uncharred
Rumex cf. sanguineus flower uncharred
Salix spec. capsule uncharred




Abies alba seed/fruit uncharred
Abies alba leaf charred
Abies alba leaf uncharred
Abies alba leaf semi-charred
Acer spec. seed/fruit uncharred
cf. Acer spec. seed/fruit uncharred
Ajuga reptans seed/fruit uncharred
Betula pendula/pubescens seed/fruit uncharred
Betula pendula/pubescens fruit whole uncharred
Betula pendula/pubescens bract uncharred
cf. Betula pendula/pubescens seed/fruit uncharred
Fagaceae pericarp uncharred
Ilex aquifolium seed/fruit uncharred
Ilex aquifolium leaf uncharred
Lamium galeobdolon s.l. seed/fruit uncharred
Milium effusum flower uncharred
cf. Milium effusum flower uncharred
Moehringia trinervia seed/fruit uncharred
Phyteuma spicatum seed/fruit uncharred
Phyteuma cf. spicatum seed/fruit uncharred
Picea abies leaf charred
Picea abies leaf uncharred
cf. Picea abies seed/fruit uncharred
cf. Picea abies leaf uncharred
cf. Picea spec. leaf uncharred
Sanicula europaea seed/fruit uncharred
Scrophularia nodosa/umbrosa seed/fruit uncharred
Stachys sylvatica seed/fruit uncharred
Stellaria cf. holostea seed/fruit uncharred
Taxus baccata leaf charred
Taxus baccata leaf uncharred
cf. Taxus baccata leaf uncharred
Tilia cf. cordata seed/fruit uncharred
Tilia platyphyllos seed/fruit uncharred
Tilia spec. seed/fruit uncharred
cf. Tilia spec. seed/fruit uncharred
Ulmus glabra seed/fruit uncharred
Viscum album s.l. seed/fruit uncharred
Viscum album s.l. leaf uncharred
density
number of taxa
woodland clearing edge, hedge, bush plants
Agrimonia eupatoria seed/fruit uncharred
Agrimonia procera seed/fruit uncharred
Agrimonia cf. procera seed/fruit uncharred
Agrimonia spec. seed/fruit uncharred
Agrimonia spec. flower uncharred
Calamintha menthifolia seed/fruit uncharred
Clinopodium vulgare seed/fruit uncharred
Cornus sanguinea seed/fruit charred
Cornus sanguinea seed/fruit uncharred
cf. Cornus sanguinea seed/fruit uncharred
Epilobium spec. seed/fruit uncharred
Fallopia dumetorum seed/fruit uncharred
Galeopsis cf. tetrahit seed/fruit uncharred
cf. Galeopsis spec. seed/fruit uncharred
Humulus lupulus seed/fruit uncharred
Hypericum perforatum seed/fruit uncharred
Hypericum cf. perforatum seed/fruit uncharred
Lapsana communis seed/fruit charred
Lapsana communis seed/fruit uncharred
Origanum vulgare seed/fruit uncharred
Prunus spec. seed/fruit uncharred
cf. Rosa spec. seed/fruit uncharred
Rubus spec. seed/fruit uncharred
Silene dioica seed/fruit uncharred
Viburnum lantana seed/fruit uncharred
cf. Viburnum lantana seed/fruit uncharred
Viburnum opulus seed/fruit uncharred
Viburnum spec. seed/fruit uncharred
density
number of taxa 16
grassland plants
cf. Agrostis spec. seed/fruit uncharred
Gentiana cruciata seed/fruit uncharred
Heracleum sphondylium seed/fruit uncharred
Hypericum cf. maculatum seed/fruit uncharred
Laserpitium siler seed/fruit uncharred
Leucanthemum cf. vulgare agg. seed/fruit uncharred
Medicago lupulina fruit uncharred
Poa pratensis/trivialis seed/fruit uncharred
Poa cf. pratensis/trivialis seed/fruit uncharred
cf. Poa pratensis/trivialis seed/fruit charred
cf. Poa pratensis/trivialis seed/fruit uncharred
Prunella vulgaris seed/fruit uncharred
Prunella cf. vulgaris seed/fruit uncharred
Rumex acetosa seed/fruit uncharred
Rumex acetosella agg. seed/fruit uncharred
Rumex acetosella agg. flower uncharred
Silene vulgaris seed/fruit uncharred
Taraxacum officinale agg. seed/fruit uncharred
Trifolium spec. seed/fruit charred
Trifolium spec. flower uncharred
cf. Trifolium spec. fruit uncharred
density
number of taxa
winter crop annual and flax weeds
Agrostemma githago seed/fruit uncharred
Aphanes arvensis seed/fruit uncharred
cf. Camelina spec. seed/fruit uncharred
Fallopia convolvulus seed/fruit uncharred
Silene cretica seed/fruit uncharred
Silene cf. cretica seed/fruit uncharred
Valerianella dentata seed/fruit uncharred
Valerianella locusta seed/fruit uncharred
Vicia hirsuta/tetrasperma seed/fruit uncharred
Viola tricolor agg. seed/fruit uncharred
density
number of taxa
profile profile profile profile profile bulk bulk bulk bulk
0.55 0.85 0.45 0.50 0.50 4.00 4.50 5.50 4.50
M1 M1 NA NA NA NA NA NA NA ubiquity average density
U14 U14 NA NA NA NA NA NA NA
45_24 101_24 50_7_1 50_7_2 50_7_3 1452_A 1655_A 1672_A 1711_A average densities per unit
U1 U2 U3 U4 U5 U6 U7 U8 U9 U10 U11 U12 U13 U14
(without samples from profile 
sequence 53-52-51-50 and bulk 
samples)
1.82 0.00 0.00 0.00 0.00 0.00 2.89 1.45 0.00 10.15 0.43 0.00 0.00 0.11 0.36 0.24 1.18 0.00 0.47 0.07 5.71 0.00 0.00 0.48 2.66
0.00 0.00 0.00 0.00 0.00 0.75 0.67 4.00 0.22 19.80 1.43 0.00 0.67 1.21 0.00 0.93 4.12 1.00 0.89 0.33 0.51 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.57 0.17 0.00 0.00 0.00 0.00 0.00 0.27 0.00 0.00 0.77 0.00 1.00 0.00 0.37 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.11 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.52 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.24 0.00
65.45 4.71 4.44 10.00 8.00 4.75 4.22 11.27 0.22 17.02 1.78 11.47 8.02 4.84 2.38 17.30 8.15 4.29 1.54 10.37 10.16 1.21 125.53 50.51
2.00 1.00 1.00 1.00 1.00 2.00 3.00 4.00 1.00 0.96 0.50 1.22 1.33 1.14 0.94 1.15 1.00 0.78 0.52 0.86 1.00 0.33 1.36 1.67
0.00 0.00 0.00 4.00 0.00 0.25 0.00 0.36 0.00 10.15 0.77 0.00 0.11 0.31 1.90 0.08 1.48 0.00 1.06 0.32 0.00 0.00 0.00 0.83 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.44 0.55 0.22 32.99 1.68 0.00 1.59 0.00 0.38 0.16 1.68 1.50 2.54 3.24 4.91 1.91 3.94 8.88 0.00
0.00 0.00 0.00 0.00 0.00 411.50 1689.78 2340.36 514.00 96.95 541.51 32.47 434.64 768.58 341.91 216.06 622.32 695.44 676.85 475.05 303.01 92.70 220.61 144.34 0.83
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.03 0.08 0.00 0.74 0.00 0.29 0.00 0.00 0.00 0.11 0.00 0.00 0.00 1.11 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.22 0.00 0.22 2.03 0.14 0.00 0.00 0.13 0.00 0.00 0.00 0.00 0.47 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.02 0.07 0.00 0.00 0.27 0.00 0.00 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.00 3.55 0.20 0.00 0.00 0.00 0.00 0.23 0.59 0.00 0.15 0.11 0.34 0.00 0.00 0.40 0.00
5.45 0.00 2.22 16.00 12.00 0.00 0.00 0.00 0.00 42.64 2.83 13.13 8.45 1.18 2.86 0.27 3.20 3.71 1.94 0.85 4.52 1.22 6.46 24.65 16.26
1.82 3.53 6.67 10.00 6.00 0.00 0.22 0.00 0.00 13.71 0.34 0.74 0.70 0.22 0.29 0.42 0.68 0.67 0.05 0.11 0.34 1.00 0.00 2.80 3.53
0.00 0.00 0.00 0.00 0.00 0.00 0.22 0.18 0.00 5.08 0.24 0.00 0.00 0.00 0.00 0.00 0.73 0.83 0.22 0.00 0.20 0.00 0.00 1.19 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.52 0.05 0.00 0.00 0.00 0.00 0.16 0.15 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.22 0.00 0.00 2.03 0.14 0.00 0.11 0.97 0.00 0.00 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.67 0.18 0.44 4.06 0.15 0.00 0.00 0.00 0.29 0.22 0.40 0.00 0.12 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.01 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.06 0.19 0.00 0.00 0.44 0.00 0.00 0.29 0.00 0.31 0.00 19.05 0.00 0.00 0.26 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.02 0.03 0.00 0.00 0.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.40 0.00
0.00 0.00 0.00 0.00 0.00 0.25 0.44 0.55 0.67 45.18 4.81 0.37 2.49 14.73 3.98 1.58 6.79 1.22 2.88 5.08 11.80 0.00 0.57 1.61 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.03 0.08 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.22 0.07 0.00 0.00 0.00 3.57 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.29 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.83 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 4.44 4.00 0.00 0.25 1.11 6.91 2.22 44.16 18.41 0.00 0.65 1.50 1.65 1.58 39.31 2.17 33.00 4.37 52.89 0.00 70.11 2.06 0.15
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.00 0.51 0.01 0.00 0.00 0.13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 1.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.02 0.02 0.00 0.00 0.07 0.36 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.02 0.00 0.00 0.00 0.00 0.00 0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.02 0.04 0.00 0.00 0.00 0.00 0.11 0.00 0.00 0.12 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.02 0.04 0.00 0.00 0.00 0.00 0.11 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.28 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.75 0.89 0.18 0.67 53.81 10.07 0.30 0.00 7.12 1.27 2.09 7.02 8.73 24.71 3.76 2.77 1.45 1.72 1.19 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.02 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.06 0.00 0.00 0.00 0.00 0.00 0.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.08 0.15 0.00 0.53 0.24 0.48 0.00 0.20 0.00 0.03 0.19 0.00 0.00 0.00 2.74 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.03 0.00 0.00 0.00 0.00 0.00 0.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.50 0.00 0.00 0.00 9.64 0.53 0.00 0.00 0.13 0.00 0.16 0.56 0.42 1.13 0.40 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 4.25 3.78 10.91 3.56 45.18 8.55 0.67 1.61 9.81 1.67 4.40 7.89 7.43 15.95 4.92 0.00 0.00 2.22 0.53 0.00
7.27 4.71 13.33 34.00 18.00 418.00 1698.00 2360.36 522.00 524.84 47.67 451.63 806.14 357.30 227.63 694.46 722.95 762.48 498.74 399.83 99.28 306.75 195.63 20.98
1.00 2.00 2.00 3.00 1.00 6.00 9.00 7.00 7.00 3.72 2.25 2.89 4.27 3.57 3.50 4.35 4.00 4.22 3.70 3.43 2.25 4.00 3.00 1.50
0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.00 9.14 0.32 0.00 0.00 0.84 0.48 0.00 0.63 0.00 0.32 0.00 0.00 1.00 1.11 0.65 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.36 0.00 1.52 0.06 0.00 0.00 0.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.65 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.24 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.52 0.07 0.00 0.65 0.00 0.00 0.00 0.00 0.00 0.06 0.10 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.33 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.22 0.18 0.00 19.29 3.55 0.00 0.00 1.72 0.00 0.48 7.15 1.52 6.47 0.07 0.85 0.00 0.61 0.54 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.67 0.36 0.00 7.61 0.27 0.00 0.00 0.86 0.00 0.00 0.64 0.00 0.12 0.14 0.34 0.00 0.61 1.19 0.15
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.52 0.06 0.00 0.00 0.27 0.00 0.00 0.00 0.83 0.00 0.00 0.00 0.00 0.00 0.48 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.22 29.95 4.73 0.00 1.10 8.25 2.66 0.81 6.37 2.64 8.05 0.50 26.46 0.00 2.22 0.97 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.44 0.00 0.00 6.09 0.34 0.00 0.00 0.00 0.00 0.13 0.89 0.00 0.53 0.00 0.00 0.00 0.00 0.18 0.00
0.00 0.00 0.00 0.00 0.00 0.25 0.44 0.73 0.44 10.15 0.50 0.30 0.56 0.59 1.52 0.08 0.80 0.00 0.43 0.33 0.68 0.00 0.00 0.75 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.03 0.00 0.00 0.00 0.00 0.27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.50 0.00 0.73 0.44 64.47 26.64 0.37 1.01 0.92 4.25 17.42 31.02 20.48 61.24 3.24 68.43 8.94 6.95 37.87 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.40 0.00
0.00 1.18 0.00 0.00 0.00 0.00 0.00 0.55 0.22 36.55 3.57 1.70 1.35 1.44 0.98 2.78 3.32 0.67 6.96 2.30 3.20 0.00 0.57 0.00 0.20
0.00 0.00 0.00 0.00 0.00 0.75 0.22 320.00 0.89 53.81 16.86 0.00 1.75 19.59 5.82 15.64 25.15 3.77 27.23 1.90 19.49 2.45 7.47 9.82 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.00 5.58 0.12 0.00 0.00 0.00 0.00 0.00 0.18 0.00 0.22 0.16 0.00 0.00 0.00 0.87 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.02 0.00 0.00 0.00 0.00 0.16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.82 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.22 13.71 1.98 0.00 0.32 2.73 0.29 0.65 6.52 0.00 0.77 0.48 0.57 0.45 2.22 0.00 0.30
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.11 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.22 0.55 0.00 14.21 0.74 0.00 0.00 0.00 0.00 0.00 0.58 0.67 1.94 0.38 1.02 0.00 1.72 0.67 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.06 0.00 0.00 0.00 0.00 0.00 0.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.44 1.52 0.04 0.00 0.00 0.00 0.36 0.00 0.00 0.00 0.07 0.00 0.00 1.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.89 0.00 0.00 0.00 0.00 0.00 0.00
1.82 1.18 0.00 0.00 0.00 1.75 2.22 324.00 2.89 58.84 2.36 6.73 37.87 16.35 38.42 83.56 30.57 115.94 9.62 121.04 13.85 23.49 55.29 0.65
1.00 1.00 0.00 0.00 0.00 4.00 6.00 10.00 7.00 2.81 0.63 1.56 2.60 2.86 2.44 3.44 2.83 3.76 2.00 2.71 2.00 4.00 3.21 0.50
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.06 0.18 0.00 0.32 0.00 0.00 0.00 0.14 0.00 0.47 0.00 0.00 7.13 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.05 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.62 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.03 0.00 0.00 0.00 0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.02 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.48 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.08 0.00 0.00 0.00 0.00 0.83 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.00 5.58 0.24 0.00 0.00 0.00 0.00 0.16 0.30 0.00 0.43 0.33 0.34 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.06 0.21 0.00 0.00 0.00 0.00 0.23 0.00 0.00 0.68 0.00 0.00 0.00 0.00 0.13 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 52.79 10.79 0.00 1.20 2.30 3.37 0.67 7.67 7.43 28.70 3.60 18.04 6.13 1.15 5.71 0.15
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.54 0.30 0.30 0.00 0.00 0.00 0.00 0.00 0.00 0.30 1.42 0.00 0.00 1.21 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.03 0.17 0.00 0.00 0.00 0.00 0.00 0.15 0.00 0.50 0.00 0.00 3.18 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.00 38.07 17.63 0.00 0.00 2.14 1.30 0.36 34.21 1.53 36.04 1.45 59.79 0.45 26.32 1.58 0.37
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.52 0.04 0.00 0.00 0.00 0.00 0.00 0.15 0.00 0.04 0.00 0.00 0.00 0.00 0.36 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.02 0.06 0.00 0.00 0.00 0.00 0.31 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.52 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.19 0.31 2.86 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.02 0.02 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.01 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 16.24 1.40 0.00 1.11 0.00 0.95 0.16 0.53 0.33 3.51 1.36 0.84 3.13 0.00 0.26 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.18 0.00 30.39 0.30 2.62 4.44 5.63 2.73 43.40 9.29 71.24 9.24 81.86 20.01 28.68 8.52 0.52
0.00 0.00 0.00 0.00 0.00 1.00 0.00 1.00 0.00 1.37 0.13 0.56 0.60 1.14 0.75 1.68 1.33 2.07 1.65 1.71 1.75 1.33 0.93 0.33
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.04 0.00 0.00 0.44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.55 0.07 0.00 0.00 0.00 0.00 0.00 0.12 0.00 0.16 0.00 2.86 0.45 0.57 0.48 0.00
0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.22 3.55 0.08 0.00 0.00 0.26 0.48 0.25 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.03 0.08 0.00 0.00 0.00 0.00 0.11 0.00 0.00 0.24 0.00 0.34 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.50 0.00 5.27 62.22 6.60 2.96 0.00 0.00 0.42 1.36 28.87 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.03 0.00 0.00 0.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.22 0.00 0.00 8.63 0.43 0.00 0.00 0.00 0.00 0.00 0.34 2.00 0.84 0.39 0.16 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.61 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.01 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.01 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.75 0.22 5.27 62.44 3.24 0.00 0.00 1.45 1.83 29.32 0.49 2.00 1.37 0.39 3.36 0.45 1.18 0.48 0.00








summer crop annual weeds, annual ruderals
Aethusa cynapium seed/fruit uncharred
Arenaria serpyllifolia agg. seed/fruit uncharred
Arenaria serpyllifolia agg. capsule uncharred
Brassica rapa seed/fruit uncharred
Brassica/Sinapis seed/fruit uncharred
Chenopodium album seed/fruit uncharred
Chenopodium cf. album seed/fruit uncharred
Chenopodium polyspermum seed/fruit uncharred
Chenopodium cf. polyspermum seed/fruit uncharred
Chenopodiaceae seed/fruit uncharred
Chenopodium spec. seed/fruit uncharred
Digitaria cf. ischaemum seed/fruit uncharred
cf. Digitaria ischaemum seed/fruit uncharred
Digitaria sanguinalis flower uncharred
Digitaria spec. seed/fruit uncharred
cf. Digitaria spec. seed/fruit charred
cf. Digitaria spec. seed/fruit uncharred
Echinochloa crus-galli seed/fruit uncharred
Polygonum aviculare agg. seed/fruit charred
Polygonum aviculare agg. seed/fruit uncharred
Polygonum cf. aviculare agg. seed/fruit uncharred
Polygonum persicaria seed/fruit uncharred
Polygonum cf. persicaria seed/fruit uncharred
Solanum nigrum seed/fruit uncharred
Sonchus asper seed/fruit uncharred
Sonchus oleraceus seed/fruit uncharred
Sonchus asper/oleraceus seed/fruit uncharred
Stachys arvensis seed/fruit uncharred
Stellaria media agg. seed/fruit uncharred
Verbena officinalis seed/fruit charred




Arctium spec. seed/fruit uncharred
Arctium spec. flower charred
Arctium spec. flower uncharred
cf. Arctium spec. seed/fruit uncharred
Artemisia vulgaris seed/fruit uncharred
cf. Artemisia vulgaris seed/fruit uncharred
Daucus carota seed/fruit uncharred
Dipsacus fullonum/pilosus seed/fruit uncharred
Galium cf. aparine seed/fruit uncharred
Lamium maculatum seed/fruit uncharred
Malva sylvestris seed/fruit uncharred
Nepeta cataria seed/fruit uncharred
Rumex conglomeratus flower uncharred
Rumex crispus flower uncharred




Hordeum vulgare undiff. seed/fruit charred
Hordeum vulgare undiff. rachis segment charred
Hordeum vulgare undiff. rachis segment uncharred
Hordeum vulgare undiff. rachis segment semi-charred
Triticum dicoccum seed/fruit charred
Triticum dicoccum glume basis charred
Triticum dicoccum glume basis uncharred
Triticum dicoccum glume basis semi-charred
Triticum monococcum glume basis charred
Triticum monococcum glume basis uncharred
Triticum cf. monococcum glume basis uncharred
Triticum aestivum s.l./durum/turgidum seed/fruit charred
Triticum durum/turgidum rachis segment charred
Triticum durum/turgidum rachis segment uncharred
Triticum durum/turgidum rachis segment semi-charred
Triticum monococcum/dicoccum glume base charred
Triticum monococcum/dicoccum glume base uncharred
Cerealia indet. bran uncharred
Cerealia indet. seed/fruit charred
Cerealia indet. chaff charred
Cerealia indet. chaff uncharred
Cerealia indet. chaff semi-charred
Triticum spec. seed/fruit charred
Triticum spec. chaff charred
Triticum spec. chaff uncharred
Triticum spec. chaff semi-charred
density cereals all





Fabaceae pod stem uncharred
cf. Fabaceae pod uncharred
Pisum sativum seed/fruit charred
Pisum sativum seed/fruit uncharred




Linum usitatissimum seed/fruit charred
Linum usitatissimum seed/fruit uncharred
Linum usitatissimum seed/fruit semi-charred
Linum usitatissimum capsule uncharred
Linum usitatissimum capsule semi-charred
Linum usitatissimum capsule frg. charred
Linum usitatissimum capsule frg. uncharred
Linum usitatissimum capsule frg. semi-charred
Papaver somniferum seed/fruit charred
Papaver somniferum seed/fruit uncharred




Anethum graveolens seed/fruit uncharred
cf. Anethum graveolens seed/fruit uncharred




Corylus avellana seed/fruit charred
Corylus avellana seed/fruit uncharred
cf. Corylus avellana seed/fruit uncharred
Crataegus monogyna agg. seed/fruit uncharred
profile profile profile profile profile bulk bulk bulk bulk
0.55 0.85 0.45 0.50 0.50 4.00 4.50 5.50 4.50
M1 M1 NA NA NA NA NA NA NA ubiquity average density
U14 U14 NA NA NA NA NA NA NA
45_24 101_24 50_7_1 50_7_2 50_7_3 1452_A 1655_A 1672_A 1711_A average densities per unit
U1 U2 U3 U4 U5 U6 U7 U8 U9 U10 U11 U12 U13 U14
(without samples from profile 
sequence 53-52-51-50 and bulk 
samples)
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.00 0.51 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.44 0.18 53.33 55.33 28.60 0.60 1.31 0.86 2.45 1.59 58.39 37.57 48.42 8.66 19.03 0.00 22.99 1.01 0.15
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.17 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 153.50 0.67 156.00 107.11 38.07 4.30 0.00 1.15 4.49 1.17 13.69 3.92 2.92 3.55 3.70 12.03 5.13 0.00 1.76 0.00
0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.00 9.14 0.71 0.00 0.53 0.11 0.38 0.06 2.05 0.56 0.38 0.69 0.16 0.00 0.00 0.24 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.06 0.16 0.00 0.00 0.00 0.85 0.00 0.08 0.00 0.35 0.04 1.59 0.00 0.61 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.40 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.54 0.12 0.00 0.00 0.44 0.00 0.00 0.10 0.00 0.22 0.00 0.00 0.00 2.32 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.40 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.54 0.09 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.29 0.00 0.00 0.00 0.00 0.60 0.00
0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.00 2.54 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.37 0.00 0.00 0.00 0.00 2.87 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 19.80 18.34 0.00 0.00 0.00 0.00 0.00 10.80 3.67 51.00 13.28 17.14 3.44 0.00 1.19 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 1.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.69 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.52 0.10 0.00 0.00 0.00 0.00 0.00 0.29 0.00 0.15 0.00 1.36 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.29 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.60 0.94 0.00 0.00 0.00 0.00 0.00 3.00 0.00 1.01 0.25 1.92 0.00 0.00 0.40 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.52 0.03 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.04 0.04 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.01 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.25 0.22 0.55 0.00 31.47 8.91 0.00 0.74 0.86 1.05 0.09 27.26 0.75 10.40 1.10 24.20 0.00 1.69 5.53 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.57 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 1.33 291.09 0.67 18.27 4.09 0.00 0.00 8.63 13.71 0.88 9.96 0.00 1.74 0.46 36.87 0.00 2.30 1.79 0.00
0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.09 0.52 0.00 0.00 0.11 0.00 0.00 0.45 1.00 1.30 0.17 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.25 0.22 0.18 0.44 29.95 2.77 1.78 2.68 1.99 0.29 0.70 4.27 10.25 2.89 1.40 0.00 0.00 0.61 0.40 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.06 0.11 0.00 0.00 0.07 0.73 0.00 0.06 0.00 0.04 0.38 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.09 0.40 0.30 0.00 0.33 0.95 0.00 0.80 0.76 0.12 0.64 0.00 1.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.00 2.03 0.10 0.00 0.00 0.44 0.48 0.00 0.15 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.00 27.41 1.93 0.00 0.00 0.91 0.00 0.68 1.65 3.18 4.22 1.08 16.57 0.00 1.72 2.43 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.05 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.56 0.09 0.33 0.00 0.00 0.00 0.18 0.00
0.00 0.00 0.00 0.00 0.00 0.75 0.44 0.36 0.00 75.63 61.37 1.03 1.69 4.13 15.52 4.12 48.75 76.52 139.74 58.19 100.96 14.89 46.33 81.23 0.00
0.00 0.00 0.00 0.00 0.00 155.50 3.33 448.91 161.56 129.20 3.70 8.10 23.46 37.58 21.80 172.11 137.72 272.25 90.89 232.39 24.45 78.55 100.41 0.15
0.00 0.00 0.00 0.00 0.00 6.00 6.00 9.00 4.00 3.45 0.75 1.78 2.53 2.86 2.44 3.88 4.67 4.69 4.09 4.43 2.00 4.33 3.07 0.17
0.00 0.00 0.00 0.00 0.00 3.00 5.78 4.00 4.44 47.21 15.52 0.00 0.00 3.75 6.89 5.64 8.70 1.42 43.34 3.52 9.69 1.00 13.68 4.32 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.14 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.55 15.69 0.00 0.00 0.00 0.00 0.00 0.91 0.00 56.08 0.09 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.02 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.14 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.60 0.33 0.37 0.00 0.00 0.38 0.27 0.53 1.00 0.45 0.00 1.02 0.00 0.00 0.40 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.34 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.00 2.54 0.04 0.00 0.00 0.00 0.00 0.16 0.00 0.00 0.09 0.00 0.63 0.00 0.61 0.40 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.22 0.00 0.00 1.02 0.04 0.00 0.00 0.00 0.95 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.50 0.00 0.55 0.00 7.61 0.29 0.00 0.00 0.33 0.48 0.47 0.14 0.67 0.38 0.20 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.02 0.00 0.00 0.00 0.00 0.16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.55 0.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.35 0.07 0.00 0.00 0.00 0.48 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.40 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.17 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.02 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.11 0.39 0.00 0.00 0.00 1.43 0.00 0.95 0.00 0.43 0.06 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 3.75 6.00 4.55 4.44 28.02 0.37 0.00 4.09 10.13 6.70 11.33 3.08 101.32 4.25 11.69 2.00 14.28 5.99 0.00
0.00 0.00 0.00 0.00 0.00 3.00 2.00 2.00 1.00 0.81 0.13 0.00 0.73 1.43 1.13 1.09 0.83 1.02 0.48 0.57 0.50 1.00 0.79 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.82 0.32 0.00 0.00 0.00 0.00 0.00 0.11 0.00 1.03 0.09 0.34 0.00 0.00 2.08 0.00
0.00 0.00 0.00 0.00 0.00 0.75 0.00 0.00 0.00 36.76 7.53 0.00 0.00 0.00 0.00 0.28 7.24 32.53 12.78 8.96 5.03 21.70 1.69 1.55 0.00
0.00 0.00 0.00 0.00 0.00 1.50 0.22 0.73 0.00 58.33 38.08 5.60 20.74 7.59 5.60 2.33 20.08 54.45 97.68 16.55 15.67 20.63 3.45 2.46 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.98 0.05 0.00 0.00 0.00 0.00 0.00 0.14 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.47 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.71 0.00
0.00 0.00 0.00 0.00 0.00 0.75 0.00 0.73 0.00 45.59 21.82 0.74 0.00 0.42 0.00 6.43 15.95 99.44 34.34 32.91 20.19 2.45 53.61 20.29 0.00
0.00 0.00 0.00 0.00 0.00 96.50 215.78 180.36 60.67 81.86 239.99 30.39 133.99 292.10 622.91 78.73 226.98 180.74 352.25 131.07 180.54 50.81 9.38 88.47 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.44 4.90 0.17 0.00 0.00 0.00 0.00 0.00 0.29 1.11 0.18 0.13 0.41 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.37 2.07 0.74 0.00 0.00 0.00 0.00 0.52 0.83 6.81 0.09 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 3.11 11.64 0.00 13.24 2.17 1.47 1.11 1.73 1.47 1.04 1.51 0.00 4.89 0.29 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.47 0.14 0.00 0.00 0.13 1.07 0.00 0.00 0.00 0.00 0.58 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.92 0.14 0.00 0.00 0.00 0.00 0.00 0.18 0.00 0.16 0.41 0.00 0.00 0.00 0.18 0.00
0.00 0.00 0.00 0.00 0.00 0.25 0.00 5.09 0.00 44.61 17.72 0.00 0.00 0.00 0.00 1.83 16.12 40.94 33.34 24.54 20.44 9.25 1.72 9.30 0.00
0.00 0.00 0.00 0.00 0.00 5.75 3.56 129.45 55.33 70.59 121.84 7.25 39.44 60.51 84.57 38.38 157.42 274.65 201.36 55.26 6.83 44.24 30.01 2.25 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.92 0.35 0.00 0.00 0.00 0.00 0.00 0.34 1.67 0.70 0.17 0.00 0.00 0.00 0.18 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.45 3.07 0.00 0.00 0.00 0.00 0.00 0.00 8.33 9.99 0.04 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 121.25 458.44 226.91 143.56 28.92 27.50 19.12 15.93 60.74 30.48 40.10 19.49 13.31 35.76 2.95 17.35 0.45 0.00 0.79 0.00
0.00 3.53 0.00 0.00 0.00 3266.50 4792.22 5076.00 1015.11 19.61 1587.87 135.72 1767.86 4165.04 2121.04 1218.63 1324.64 1521.87 1723.90 576.61 1182.48 1043.09 38.05 387.30 2.15
0.00 0.00 0.00 0.00 0.00 0.50 0.00 0.36 0.67 16.67 0.83 0.00 0.00 0.13 0.22 0.28 0.46 2.76 1.51 1.21 0.57 0.00 0.57 5.73 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 73.53 9.19 0.00 0.00 0.00 1.13 0.00 3.60 3.33 28.46 2.89 12.00 15.00 0.00 0.79 0.00
0.00 0.00 0.00 0.00 0.00 567.75 352.44 0.73 0.00 0.98 210.22 25.82 111.63 177.00 187.84 25.63 121.93 380.20 409.70 165.71 119.96 56.31 3.51 78.91 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 93.63 0.02 0.00 0.00 0.00 0.00 0.06 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.49 0.06 0.00 0.00 0.00 0.00 0.00 0.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 34.31 12.66 0.00 0.00 0.97 1.42 0.10 5.74 5.53 32.74 14.60 60.15 35.74 42.59 36.88 0.00
0.00 1.18 0.00 0.00 2.00 6.75 0.00 320.18 152.67 70.10 188.24 16.53 129.95 208.11 237.31 45.48 210.55 247.43 299.62 75.84 257.29 149.52 338.31 73.35 0.20
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.47 0.09 0.00 0.37 0.00 0.00 0.00 0.00 0.00 0.28 0.00 0.00 0.00 0.00 0.24 0.00
0.00 4.71 0.00 0.00 2.00 4068.25 5825.78 5952.18 1428.44 2217.52 243.37 2221.02 4974.47 3295.06 1459.31 2133.64 2869.13 3287.58 1110.88 1899.24 1449.19 522.88 711.47 2.35
0.00 3.53 0.00 0.00 0.00 3493.25 5473.33 5630.91 1275.11 1827.93 201.02 1979.07 4588.26 2867.13 1387.75 1790.99 2229.88 2515.28 850.64 1449.26 1192.63 137.89 515.57 2.15
0.00 1.00 0.00 0.00 1.00 3.00 4.00 4.00 2.00 2.62 1.75 2.78 2.47 2.71 2.06 2.74 3.00 3.20 2.91 2.71 2.50 2.67 1.93 0.50
0.00 0.00 0.00 79.55 28.36 0.49 3.33 6.62 12.21 2.25 14.85 26.48 57.56 29.33 22.33 1.94 0.86 28.16 -
0.00 0.00 0.00 9.09 0.34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.85 0.67 0.00 0.00 0.00 1.11 -
0.00 0.00 0.00 10.23 0.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.77 1.33 0.89 0.00 0.00 1.11 -
0.00 0.00 0.00 2.27 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.17 3.33 0.00 -
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.02 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.16 0.00 0.00 0.00 0.00 0.18 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.03 0.13 0.00 0.00 0.00 0.00 0.00 0.15 0.00 0.37 0.00 0.34 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.47 0.37 1.11 2.21 5.23 0.56 9.32 8.83 36.12 4.09 13.61 4.58 2.80 11.03 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.39 0.13 0.11 0.20 0.43 0.19 0.62 0.33 0.58 0.09 0.57 0.75 0.67 0.36 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.00 7.61 0.58 0.00 0.00 0.89 0.00 0.89 0.06 0.00 1.39 0.12 0.00 0.00 0.00 0.95 0.00
0.00 1.18 0.00 0.00 0.00 1481.00 1799.33 2354.55 1384.22 97.97 679.31 107.06 425.82 1217.23 1018.16 684.39 700.76 659.01 794.31 268.63 317.78 94.20 195.12 84.86 0.92
0.00 0.00 0.00 0.00 0.00 0.25 0.89 0.18 0.00 4.57 0.21 0.00 0.00 1.00 0.22 0.08 0.07 0.00 0.15 0.33 0.00 0.00 0.00 0.18 0.00
0.00 0.00 0.00 0.00 0.00 5.00 8.00 14.00 4.44 65.99 26.70 11.41 13.60 56.00 37.51 12.40 30.19 54.83 25.21 15.10 7.59 1.45 7.21 1.37 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.04 0.00 0.00 0.44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.55 0.31 0.00 0.00 0.00 0.00 0.00 0.00 2.00 0.83 0.07 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 181.25 185.78 378.00 118.67 93.40 299.03 34.12 193.89 442.79 546.78 126.95 239.80 381.07 427.21 198.21 158.11 41.41 114.79 26.70 0.79
0.00 0.00 0.00 0.00 0.00 0.00 0.44 0.00 0.00 3.05 0.10 0.00 0.53 0.00 0.00 0.00 0.00 0.00 0.11 0.29 0.57 0.00 0.00 0.48 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.08 0.18 0.37 0.00 0.07 0.36 0.00 0.32 0.00 0.20 0.12 0.00 0.00 1.11 0.00 0.00
3.64 3.53 2.22 10.00 2.00 7050.50 18879.33 24460.36 4702.44 99.49 3443.85 417.03 3175.31 10007.50 7016.64 3750.08 3448.54 1907.46 2694.96 879.76 1269.16 301.17 362.48 323.59 3.27
0.00 0.00 0.00 0.00 0.00 0.00 0.22 0.18 0.00 4.57 0.34 0.00 0.85 0.44 0.00 0.26 0.29 0.00 0.52 0.17 0.00 0.00 0.00 0.00 0.00
3.64 4.71 2.22 10.00 2.00 8718.00 20874.00 27207.45 6209.78 3795.37 570.00 3810.01 11726.36 8619.67 4575.05 4420.03 3004.36 3944.89 1362.81 1753.22 438.24 680.72 438.13 4.97
1.00 2.00 1.00 1.00 1.00 2.00 2.00 2.00 2.00 2.01 2.38 2.00 2.00 2.00 1.94 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 1.83
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.02 0.05 0.00 0.00 0.00 0.00 0.00 0.20 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.58 0.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.49 0.00 1.08 3.45 0.00 0.79 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.33 0.00 0.00 0.00 0.00 0.00 0.20 0.00 0.57 0.00 1.08 3.45 0.00 0.79 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.18 0.00 0.29 0.50 0.00 0.07 0.00
0.00 0.00 0.00 0.00 0.00 0.25 0.44 0.55 0.67 4.57 0.09 0.00 0.00 0.00 0.22 0.16 0.27 0.00 0.01 0.04 0.00 0.00 0.00 0.87 0.00
1.82 0.00 0.00 0.00 2.00 19.50 22.22 17.64 22.44 65.48 9.89 0.37 2.24 7.99 12.23 6.68 11.43 6.98 14.16 9.05 16.63 4.13 10.36 39.70 1.09
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.37








Crataegus spec. seed/fruit uncharred
cf. Crataegus spec. seed/fruit uncharred
Fagus sylvatica cupule uncharred
Fagus sylvatica pericarp uncharred
Fragaria vesca seed/fruit uncharred
Malus sylvestris seed/fruit charred
Malus sylvestris seed/fruit uncharred





cf. Malus/Pyrus stem uncharred
Malus/Pyrus stem charred
cf. Malus/Pyrus stem charred
cf. Pyrus spec. fruit flesh uncharred
Physalis alkekengi seed/fruit charred
Physalis alkekengi seed/fruit uncharred
Prunus cf. spinosa seed/fruit uncharred
Prunus spinosa seed/fruit uncharred
Quercus spec. seed/fruit charred
Quercus spec. seed/fruit uncharred
Quercus spec. cotyledon charred
Quercus spec. pericarp charred
Quercus spec. pericarp uncharred
Rosa spec. seed/fruit uncharred
Rubus fruticosus agg. seed/fruit charred
Rubus fruticosus agg. seed/fruit uncharred
Rubus fruticosus/idaeus seed/fruit uncharred
Rubus idaeus seed/fruit uncharred
Rubus idaeus seed/fruit semi-charred
Sambucus spec. seed/fruit charred
Sambucus spec. seed/fruit uncharred
Taxus baccata seed/fruit uncharred
Vaccinium cf. myrtillus seed/fruit uncharred




cf. Alopecurus spec. seed/fruit uncharred
Anagallis/Lysimachia seed/fruit uncharred







Bromus spec. seed/fruit charred
cf. Bromus spec. seed/fruit uncharred
Campanula rapunculoides/trachelium seed/fruit uncharred
Campanula spec. seed/fruit uncharred
cf. Campanula spec. seed/fruit uncharred
Campanulaceae seed/fruit uncharred
Cardamine spec. seed/fruit uncharred
Carex spec. seed/fruit uncharred
Caryophyllaceae seed/fruit uncharred
Cerastium spec. seed/fruit uncharred
cf. Cerastium spec. seed/fruit uncharred
Cirsium/Carduus seed/fruit uncharred
cf. Cirsium/Carduus seed/fruit uncharred
Crepis spec. seed/fruit uncharred





Galium spec. seed/fruit uncharred
Geum spec. seed/fruit uncharred
cf. Hordeum spec. fruit uncharred
Hypericum hirsutum seed/fruit uncharred
Hypericum spec. seed/fruit uncharred
cf. Hypericum spec. seed/fruit uncharred
Juncus spec. seed/fruit uncharred
Lamiaceae seed/fruit uncharred
Lamium spec. seed/fruit uncharred
Luzula spec. seed/fruit uncharred
cf. Luzula spec. seed/fruit uncharred
cf. Melica spec. seed/fruit uncharred
Mentha spec. seed/fruit charred




cf. Pinus spec. seed/fruit uncharred
Physalis/Solanum dulcamara seed/fruit uncharred
Poa spec. seed/fruit uncharred
cf. Poa spec. seed/fruit uncharred
Poaceae seed/fruit charred
Poaceae seed/fruit uncharred
Poaceae fruit large charred
Poaceae fruit large uncharred
Poaceae node charred
Poaceae chaff uncharred
cf.  Poaceae seed/fruit uncharred
cf. Poaceae bran uncharred





Polygonum lapathifolium/persicaria seed/fruit uncharred
Polygonum cf. minus/persicaria seed/fruit uncharred
Polygonum spec. seed/fruit uncharred
Potentilla spec. seed/fruit uncharred





Rumex conglomeratus/sanguineus seed/fruit uncharred
Rumex conglomeratus/sanguineus flower uncharred
Rumex spec. seed/fruit uncharred
Rumex spec. flower uncharred
cf. Rumex spec. flower uncharred
Scrophularia spec. seed/fruit uncharred
Scrophularia/Verbascum seed/fruit uncharred
Senecio spec. seed/fruit uncharred
Silene spec. seed/fruit uncharred
Solanaceae seed/fruit uncharred
Solanum spec. seed/fruit uncharred
Stachys spec. seed/fruit uncharred
profile profile profile profile profile bulk bulk bulk bulk
0.55 0.85 0.45 0.50 0.50 4.00 4.50 5.50 4.50
M1 M1 NA NA NA NA NA NA NA ubiquity average density
U14 U14 NA NA NA NA NA NA NA
45_24 101_24 50_7_1 50_7_2 50_7_3 1452_A 1655_A 1672_A 1711_A average densities per unit
U1 U2 U3 U4 U5 U6 U7 U8 U9 U10 U11 U12 U13 U14
(without samples from profile 
sequence 53-52-51-50 and bulk 
samples)
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.52 0.05 0.00 0.00 0.00 0.00 0.00 0.24 0.00 0.00 0.00 0.00 0.00 0.00 0.48 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.06 0.02 0.00 0.00 0.00 0.48 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.19 2.74
0.00 0.00 0.00 0.00 0.00 1.00 0.89 0.55 0.44 24.37 3.45 0.00 0.74 0.41 1.43 1.67 12.52 4.50 1.16 0.31 0.51 1.00 0.00 1.98 0.00
0.00 0.00 0.00 0.00 0.00 551.50 1065.11 900.73 222.89 90.36 193.04 55.67 103.22 293.71 120.61 165.78 382.22 193.71 167.91 20.67 81.80 15.51 42.94 67.60 0.42
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.02 0.03 0.00 0.00 0.00 0.00 0.00 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 54.25 41.11 166.18 18.00 82.23 23.30 2.36 20.26 25.89 25.69 30.95 44.95 13.86 14.29 12.16 24.54 3.89 3.45 6.91 0.42
0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.36 0.00 4.57 0.20 0.00 0.00 0.00 0.00 0.00 0.26 0.67 0.44 0.00 0.00 0.00 0.00 0.54 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.00 1.52 0.03 0.00 0.00 0.13 0.00 0.00 0.07 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.52 0.07 0.00 0.56 0.22 0.00 0.16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 114.75 182.67 263.64 34.00 88.32 51.76 6.63 26.80 100.40 48.32 62.50 95.26 30.72 34.10 14.80 23.56 12.28 12.45 3.79 0.00
0.00 0.00 0.00 0.00 0.00 8.75 13.33 11.45 3.78 37.56 2.66 0.30 4.34 3.11 3.25 6.21 3.44 1.31 1.62 1.13 0.57 4.13 0.00 1.21 0.00
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0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.03 0.00 0.56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.52 0.03 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.07 0.00 0.00 0.45 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.03 0.04 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.17 0.00 0.00 0.00 0.24 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.12 0.30 0.00 0.37 0.00 0.95 0.00 0.43 0.00 0.45 0.17 1.71 0.00 0.00 1.60 0.00








Stellaria graminea/palustris seed/fruit uncharred
Stellaria spec. seed/fruit uncharred
cf. Teucrium spec. seed/fruit uncharred
Torilis spec. seed/fruit charred
Torilis spec. seed/fruit uncharred
cf. Vaccinium spec. seed/fruit uncharred
Viola spec. seed/fruit uncharred
Viola spec. capsule uncharred









number of taxa total
charred all density
semi-charred all density
profile profile profile profile profile bulk bulk bulk bulk
0.55 0.85 0.45 0.50 0.50 4.00 4.50 5.50 4.50
M1 M1 NA NA NA NA NA NA NA ubiquity average density
U14 U14 NA NA NA NA NA NA NA
45_24 101_24 50_7_1 50_7_2 50_7_3 1452_A 1655_A 1672_A 1711_A average densities per unit
U1 U2 U3 U4 U5 U6 U7 U8 U9 U10 U11 U12 U13 U14
(without samples from profile 
sequence 53-52-51-50 and bulk 
samples)
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.06 2.19 0.00 0.67 0.00 0.00 0.00 3.43 0.00 5.20 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.05 0.27 0.00 0.00 0.00 0.00 0.00 0.00 0.97 0.68 0.33 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.22 0.00 0.00 9.64 0.70 0.00 0.00 0.44 0.00 0.06 2.03 0.00 0.76 0.12 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.52 0.08 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.07 0.29 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.51 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00
1.82 1.18 0.00 0.00 2.00 135.75 89.11 146.91 82.67 167.91 1.98 10.61 45.43 64.78 40.26 235.50 172.21 371.17 38.85 323.51 33.85 174.75 115.68 1.24
1.00 1.00 0.00 0.00 1.00 5.00 8.00 7.00 7.00 4.94 0.63 2.00 3.47 5.43 3.31 5.41 7.17 6.71 4.74 7.29 6.00 6.67 5.14 0.50
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.36 0.00 9.64 1.10 0.00 0.00 0.11 0.00 0.49 0.23 0.00 2.88 1.41 0.00 0.00 4.60 0.13 0.00
7.27 0.00 2.22 0.00 2.00 1.00 3.78 16.36 3.78 53.81 24.43 12.44 16.48 17.69 35.16 7.63 22.83 14.88 44.96 9.22 73.62 6.03 4.02 51.18 1.36
0.00 0.00 0.00 0.00 0.00 0.75 4.00 2.18 0.22 20.81 2.09 0.00 0.56 0.84 0.58 0.46 4.76 0.89 2.53 1.36 6.26 0.00 0.00 0.53 0.00
7.27 0.00 2.22 0.00 2.00 1.75 7.78 18.91 4.00 29.67 12.44 17.03 18.65 35.74 8.58 27.81 15.77 50.37 11.99 79.88 6.03 8.62 51.85 1.36
1341.82 3725.88 346.67 2722.00 904.00 15286.75 30640.44 39676.00 9019.33 8260.14 2083.05 7138.77 18569.25 13415.45 7070.33 9171.04 7922.61 9957.55 3368.03 6915.41 2558.90 3359.22 6523.18 2635.21
14.00 16.00 9.00 12.00 11.00 52.00 67.00 74.00 52.00 37.97 17.38 25.33 34.67 41.00 33.50 41.88 46.00 44.78 33.70 45.43 34.50 48.67 42.29 14.33
0.00 0.00 0.00 0.00 0.00 3.25 5.11 10.36 2.00 82.68 1.84 2.15 4.37 4.30 11.21 58.09 200.98 173.68 93.18 129.89 86.06 110.43 89.65 0.00
0.00 0.00 0.00 0.00 0.00 0.25 1.33 0.18 0.44 1.26 0.00 1.64 1.44 0.51 0.14 1.01 2.78 2.18 1.02 0.98 0.00 1.11 1.71 0.00
